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Production of Malignant Tumors in Rats with 


Radioactive Phosphorus* 


SIMON KoLetsky, M.D., FREDERICK J. BonTE, M.D.., 


The development of malignant neoplasms in 
rats has been observed in the course of studies on 
the late effects of radioactive phosphorus poison- 
ing. Of thirteen tumors, ten were osteogenic sar- 
coma and three were squamous-cell carcinoma. 
Data pertinent to the carcinogenic action of radio- 
phosphorus will be presented. 


PROCEDURE AND RESULTS 


Neoplasms were observed in two experimental 
groups of rats, 1.e., (a) animals surviving a single 
LD35 dose of P*? (4.5 ue. per gram of body weight), 
and (b) those surviving repeated injections of P* 
(1.5 uc. per gram of body weight every 3 weeks) for 
a total dose of 9 or 12 we. per gram. Adult white 
male rats of the C. F. Wistar strain, which weighed 
about 150 gm. each, obtained from Carworth 
Farms, were used. Spontaneous bone tumors have 
not been observed among normal animals of this 
strain (1). The rats were kept in an air-conditioned 
unit permitting constant temperature and hu- 
midity. Radioactive material was injected by the 
intraperitoneal route. 

Complete autopsies were performed on all rats 
which died or were sacrificed. In almost all animals 
routine microscopic sections of femur and verte- 
bra were taken. X-rays were taken of the entire 
skeleton of most animals, usually at the time of 
death or sacrifice. 

For controls, x-rays were made of the skeleton 


* This work was performed under Contract No. W-31-109- 
eng-78 between the Atomic Energy Commission and Western 
Reserve University. 
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of: (a) twenty normal adult animals of the C. F. 
Wistar strain, maintained for the same time and 
under the same conditions as the experimental 
rats, and (b) eight rats each of which had received, 
intraperitoneally, a dose of 1 me. of radioactive 
iodine!*! 1 year previously. None of these showed 
evidence of bone neoplasm. 

Group 1.—In this laboratory 4.5 ue. of P*® per 
gram of body weight is approximately the LD5o 
dose. Rats injected with this amount usually died 
within 3 weeks (20-day LDs0) and at autopsy 
showed marked aplasia of bone marrow and invo- 
lution of lymphoid tissues. Many of the surviving 
animals were set aside for extended observation. 
The object was to determine, in relation to time, 
the extent of repair in organs severely damaged by 
a single dose of internal radiation: especially the 
hemopoietic system, the presence of irreversible 
tissue lesions; and, finally, any late effects of the 
P*2. To date, study has been completed on nine- 
teen such rats, sixteen of which were sacrificed 
from 6 months to 1 year later, while three died, 
i.e., one at 7 months and two at 9 months after ad- 
ministration of radiophosphorus. 

Nine rats in this group developed malignant 
neoplasm. The animals were otherwise in good 
condition and had gained weight over the experi- 
mental period, except in the last few weeks of life 
when there was progressive anorexia and emacia- 
tion. 

Rat 56.—This rat died 7 months after injection 
of the P*?. During the last 2 weeks of life, there was 
progressive swelling of the right side of the face. 
Autopsy revealed an extensive tumor involving 
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right maxillary and premaxillary bones. There was 
invasion and destruction of the roof of the mouth, 
also extension into the soft tissues of the face. 
Microscopically, the neoplasm was an osteogenic 
sarcoma. No metastasis was demonstrated. 

Rat 59.—This rat was sacrificed 5 months after 
receiving an LDs50 injection of radioactive phos- 
phorus. The anterior and right lateral aspects of 
the face were expanded, covered by thick, nodular, 
grayish-red skin, and there was marked exophthal- 
mos of the right eye (Fig. 1). X-ray showed de- 
struction of the right zygoma and posterior portion 
of the right maxillary bone, and also possible in- 
volvement of the right ethmoid and temporal 
bones (Fig. 2). A section revealed a massive, mod- 





Fic. 1 (Rat 59).—Face of rat with squamous-cell carcino- 
ma, probably arising from the lining of nasal sinus. 


— 


erately firm, grayish-white tumor, involving and 
partly destroying the right nasal, ethmoid, zygo- 
matic, and maxillary bones. The neoplasm infil- 
trated the soft tissues of the face widely, and in- 
volved skin, roof-of-mouth, naso-pharyngeal pas- 
sage, Harderian gland, ethmoid sinus, and the 
right olfactory bulb of brain. Superficial and deep 
cervical lymph nodes were greatly enlarged, meas- 
uring up to 1 cm. in diameter. Microscropic study 





Fic. 2 (Rat 59).—X-ray of skull showing destruction by 
tumor of right zygomatic arch and maxillary bone. 





Fic. 3 (Rat 59).—Cervical lymph node, H & E X 86. Metastatic well differentiated squamous-cell carcinoma 
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revesied a well-differentiated squamous-cell car- 
cincina with the mouth, naso-pharynx, or epitheli- 
al lining of the ethmoid sinus as possible sites of 
origin. There were metastases to the right cervical 
lymph node chain (Fig. 3). 

Rat 53.—This rat died 9 months after admin- 
istration of the P**. Terminally, there was anorexia 
and weight loss. An extensive lesion, probably an 
osteogenic sarcoma, was found, which was evi- 
dently neoplastic and involved the right maxillary 
bone and roof of the mouth. The latter was necrotic, 
ulcerated, and largely destroyed. This animal was 
discarded by accident, and microscopic confirma- 
tion of the tumor could not be made. 

Rat 187—This rat was sacrificed 8 months 
after receiving an LDs5 9 dose of P**. The animal was 
otherwise in good condition and showed no clinical 
evidence of tumor. X-ray at the time of sacrifice 
showed irregular sclerosis of the proximal diaphy- 
sis of the right tibia, with bone formation and ex- 
tension into the surrounding soft tissues (Fig. 4). 
Microscopic study revealed an invasive osteogenic 
sarcoma, involving the periosteum, cortex, and 
cancellous part of the bone. There were several 
metastatic nodules in the lungs and within the 
lumens of pulmonary blood vessels (Fig. 5). 

Rat 57.—This rat was sacrificed when in poor 
condition 1 year after receiving radiophosphorus 
in LDs59 dose. Several weeks before death, the ani- 
mal showed atrophy and paralysis of the left leg, 
which was inwardly rotated and fixed. X-ray of the 





pelvis at the time of death disclosed a large well- 
defined mass, arising from the wing of the left 
ilium. There were numerous calcified areas at the 
center. The ilium was partially destroyed (Fig. 6). 
At autopsy a hard mass, 4 cm. in diameter, was 





Fic. 4 (Rat 187).—A-P and lateral films showing a destruc- 
tive and invasive tumor of the proximal diaphysis of the right 
femur. 





Fic. 5 (Rat 187).—Lung, H & E X 86. Nodule of osteogenic sarcoma within lumen of pulmonary blood vessel 
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observed, which was attached along the entire pel- 
vic aspect of the left ilium and which protruded 
into the abdominal cavity, filling most of the entire 
left lower quadrant (Fig. 7). The sigmoid colon 


a 


plasm was an osteogenic sarcoma. Microscropic 
sections revealed metastasis to the lungs. 

Rat 72.—This rat was sacrificed 1 year after 
injection of the P*. The animal was in fairly 





Fic. 6 (Rat 57).—X-ray of pelvis. Large tumor mass attached to left ilium 


was displaced to the right by the neoplasm, which 
extended up to the inferior pole of the left kidney, 
compressed the left iliac vessels and nerves, and 
was attached to the oblique abdominal muscles. 
The outer and cut surfaces were hard, bony in con- 
sistency, grayish-white or pink, nodular, and rich- 
ly vascularized. Microscopically, the tumor was a 
typical osteogenic sarcoma, and there were mul- 
tiple metastatic nodules in the lungs (Fig. 8). 

Rat 188.—This rat was sacrificed 10 months 
after receiving radiophosphorus. For several weeks 
prior to death there was progressive swelling and 
protrusion of the anterior and lateral aspects of 
face. Films of the head, at the time of sacrifice, 
showed a soft tissue swelling of the face containing 
small areas of calcific density. The tumor extended 
to the right premaxillary bone (Fig. 9). At autopsy 
a large, hard, grayish-white, bony tumor was ob- 
served attached to the periosteal surface of the 
right nasal and premaxillary bones, compressing 
the right nasal cavity, widely infiltrating the soft 
tissues of face, and extending to the skin. The neo- 





Fic. 7 (Rat 57).—The neoplasm of left ilium extends into 
the abdominal cavity. 
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good condition, despite moderate weight loss over 
the last 2 months. Exophthalmos of the right eye 
was noted a few weeks before sacrifice. X-ray find- 
ings of the head and the rest of the skeleton were 
negative. Autopsy revealed an infiltrating well- 
differentiated squamous-cell carcinoma of the soft 
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compressing the cord (Fig. 11). The neoplasm was 
an osteogenic sarcoma. No metastasis was found. 


Group 2.—In order to observe the tolerance of 


rats to large, repeated doses of radiophosphorus, a 
preliminary experiment was carried out, using fif- 


teen rats. The schedule called for eight successive 





Kia. 8 (Rat 57). 


tissues beneath the right eye, with involvement of 
the Harderian gland and extension to the ethmoid 
sinus. The precise site of origin was not evident. 
No metastasis was found. 

Rat 159.—This rat was sacrificed 1 year after 
receiving an LD5 9 dose of P%?. Condition of the ani- 
mal was fair, although marked left exophthalmos 
had been observed about 2 weeks before sacrifice. 
X-ray findings of the head were negative. Autopsy 
showed an extensive ulcerating tumor of the roof 
of the mouth extending laterally to the left man- 
dible and also invading the Harderian gland. The 
neoplasm was a well-differentiated squamous-cell 
carcinoma. There was no demonstrable metas- 
tasis. 

Rat 197.—This rat was sacrificed 11 months 
after receiving P32. One week before death, paraly- 
sis of the right fore limb was noticed, and also 
weakness of the left fore limb and of both hind ex- 
tremities. X-ray showed a sclerosing neoplasm of 
the second cervical vertebra (Fig. 10). At autopsy 
a hard white neoplasm was noted, 1 em. in diam- 
eter, involving Cs, invading the spinal canal, and 


Lung, H & E X 86. Metastatic osteogenic sarcoma, showing extensive intercellular matrix of bone 





Fic. 9 (Rat 188).—Film of head showing soft-tissue swell- 
ing of face containing small areas of calcific density. 


intraperitoneal injections, each of 1.5 ue. per gram 
body weight of the radioactive material, at 3-week 
intervals. This was a total of 12 ue. per gram, al- 
most three times the single LDs59 dose. 

One rat was dead 10 days after injection of the 
first dose of radiophosphorus; one died after two 
doses, one after four doses, one after five doses, 
two after six doses, and one after seven doses. 









Fic. 10 (Rat 197).—Film of spine showing sclerosing neo- 
plasm of the second cervical vertebra. 





Fic. 12 (Rat 225).—Osteogenic sarcoma of jaw, H & E X 186. There is pleomorphism of tumor cells and abundant 
formation of bone. 


Fic. 11 (Rat 197).—Tumor mass attached to the right side 
of the second cervical vertebra. 
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Eight of the fifteen rats survived all eight doses; of 
these. three died at intervals of a few to several 
weeks after injection of the eighth dose, while the 
remaining five were sacrificed from 1 to 2 months 
after receiving the eighth dose. 

Complete autopsies were performed on eleven of 
the fifteen rats. Four animals were either discarded 
accidentally after death or showed too advanced 
autolysis for study. 

Three rats in this group developed a malignant 
tumor of bone which was evident in the gross, 
while a fourth showed a probable early osteogenic 
sarcoma of the femur, diagnosed microscopically. 
All four animals showed progressive weakness, 
anorexia, and weight loss over periods from 2 to 6 
weeks before death or sacrifice. Prior to this ter- 
minal phase, the weights had increased or were 
maintained. 

Rat 225.—This rat died 2 weeks after receiving 
the sixth successive dose of P*®?, 1.e., 4 months after 
the onset of the experimental period. Total dosage 
was 9 ue. per gram. There was an extensive, de- 
structive, and expanding neoplasm of the right 
maxillary bone involving the roof of the mouth. 


time showed involvement of the proximal one- 
fourth of the right tibia by a destructive and in- 
vasive lesion. The latter formed a large mass with 
irregular calcific density (Fig. 13). Autopsy revealed 





Fic. 13 (Rat 226).—Film showing destructive neoplasm of 
the proximal fourth of the right tibia with invasion of soft tis- 
sues. ; 





Fic. 14 (Rat 226).—Right tibia, H & E X 134. Osteogenic sarcoma with prominent intercellular bony matrix 


The tumor infiltrated the adjacent soft tissues 
widely, forming a large, hard, grayish-white mass. 
Microscopic examination showed an osteogenic 
sarcoma (Fig. 12). No metastasis was found. 

Rat 226.—This rat was sacrificed when in poor 
condition at 6 months, 1 month after injection of 
the eighth successive dose of P32. The total amount 
received was 12 microcuries per gram. Films at this 


an osteogenic sarcoma (Fig. 14) involving metaph- 
ysis and adjacent shaft of bone and infiltrating the 
soft tissues. Metastasis to the lungs was demon- 
strated microscopically. 

Rat 298.—This rat was sacrificed when in poor 
condition at 65 months, 6 weeks after administra- 
tion of the eighth dose of radiophosphorus. Two 
weeks before death, enlargement of the lower ab- 











domen (cord bladder) and complete paralysis of 
the hind extremities was noted. Antero-posterior 
and lateral x-rays showed a decrease in density of 





Fic. 15 (Rat 298).—A-P and lateral views of spine showing 
destruction of the second lumbar vertebra. 
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the body and neural arch of the second lumbar 
vertebra. The appearance suggested destruction of 
the vertebra by neoplasm. No accompanying soft- 
tissue mass was visualized (Fig. 15). A.t autopsy an 
extensive osteogenic sarcoma was observed, prin- 
cipally periosteal, but also involving marrow 
which was the seat of diffuse hemorrhage. There 
was invasion of the soft tissues, and also encroach- 
ment on the spinal canal with compression of the 
spinal cord. No metastasis was found. 

Rat 236.—This rat was dead at 5 months, 1 
week after the eighth dose of radiophosphorus was 
injected. There was a lesion, detected microscopi- 
cally, 2 mm. in diameter, situated in the distal 
metaphysis of right femur just above the knee, 
which probably represented an early osteogenic 
sarcoma. This showed marked proliferation of 
atypical, irregular or spindle-shaped cells with 
many mitoses, also pleomorphic and hyperchro- 
matic forms including bizarre giant cells and for- 
mation of spicules of atypical bone (Fig. 16). 

Morphologically, all the osteogenic sarcomas 
were essentially similar. In the gross, the tumors 
‘aried from firm to hard and were white or gray- 
ish-white, solid, and resistant to section. The cut 
surface usually showed tiny, gritty nodules, evi- 
dently of bone. 

Microscopically, the tumors consisted of com- 





Fic. 16 (Rat 236).—Early osteogenic sarcoma of right femur, H & E X 298. Marked proliferation of atypical cells with 
pleomorphic and hyperchromatic nuclei, also matrix of atypical bone. 
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pact groups of highly pleomorphic oval, irregular 
or spindle-shaped cells with hyperchromatic or 
vesicular nuclei and poorly defined cytoplasm. 
There were numerous mitoses. Giant cells were 
common. An abundant intercellular matrix was 
present, either of fibrous tissue or bone, and the 
latter showed an abundance of well-formed 
trabeculae. Occasionally osteoid or cartilage were 
found. 


SUMMARY OF Data ON MALIGNANT NEOPLASMS 
(TABLE 1) 

There were thirteen neoplasms, all in adult, 
white male rats. Three were squamous-cell car- 
cinomas involving the face and were associated 
with exophthalmos. Ten were osteogenic sarcomas 
distributed as follows: four in the jaw, two in the 
spine, two in the tibia, and one each in the femur 
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mors of the lower extremities were located in the 
metaphysis. Of these, two involved both cancel- 
lous portion and cortex, including endosteal and 
periosteal surfaces, while the third was situated 
mainly within marrow and also involved the en- 
dosteum. The neoplasms of iltum and spine ap- 
peared to be essentially periosteal. 

There were three squamous-cell carcinomas in- 
volving the soft tissues of the face. These may 
have originated from the roof of mouth, naso- 
pharynx, accessory nasal sinuses, or Harderian 
gland. In these structures the epithelium is closely 
approximated to bone and was presumably ir- 
radiated from this source. 


DISCUSSION 
This study shows that malignant tumors of 


bone can be produced experimentally in rats by 


TABLE 1 
MALIGNANT NEOPLASMS IN RATS FOLLOWING INJECTION OF P*® 


Latent period 


Rat Dose of P®? in days 
56 one dose, 4.5 ue per gram 210 
59 “ “ “ “ “ “ 954 
53 » © oe ees oe . 263 

] 87 “ee iT be “ be “ee 942 
57 “ se “ “ “ “ 260 

1 SN Ts és “ “ “ “ 8()2 
72 “ “ 6“ be be “ 954 

159 “ “ be “ “ 6“ 3 1 6 

1 97 “ “ 6“ “ “ “ 3 1 4 

225 repeated doses, total 9 ue per gram 120 

236 repeated doses, total 12 ue per gram 160 

296 “ “ “ “ “ “ “ ] 80 

939 “ “ “ “ “ “ “ 200 


and pelvis. Four of these tumors metastasized to 
the lungs. 

Incidence.—Malignant tumors occured in nine 
out of nineteen rats surviving a single dose of P*?, 
an incidence of 47 per cent. This figure is probably 
low, since most of the rats without neoplasm were 
sacrificed or died prior to the average latent time 
for the development of tumor. There were four 
tumors among the fifteen rats which received re- 
peated injections of radiophosphorus, an incidence 
of 27 per cent. 

Latent period.—With a single dose of P*, the 
latent period varied from 210 to 360 days and av- 
eraged 290 days. With repeated doses of radio- 
phosphorus, the neoplasms occurred from 120 to 
200 days and the average was 165 days. These pe- 
riods indicate detection of the neoplasm, not the 
exact time of origin. The data suggest that the 
time of tumor development may be shortened by 
larger total doses of the radioactive material. 

Origin —The site of origin of the osteogenic 
sarcomas was difficult to determine. The three tu- 





Type of neoplasm Location Metastasis 
osteogenic sarcoma jaw none 
squamous-cell carcinoma face cervical nodes 
not known jaw not known 
osteogenic sarcoma tibia lungs 
osteogenic sarcoma ilium lungs 
osteogenic sarcoma Jaw lungs 
squamous-cell carcinoma face none 
squamous-cell carcinoma face none 
osteogenic sarcoma spine none 
osteogenic sarcoma jaw none 
osteogenic sarcoma femur none 
osteogenic sarcoma tibia lungs 
osteogenic sarcoma spine none 


radioactive phosphorus. Hence, P*® is similar in 
this respect to other radioactive elements such as 
radium (2, 3), plutonium, cerium!**, yttrium”, and 
strontium®? (4). 

In our experiments, the neoplasms occurred in 
animals which received very high doses of the P*. 
Whether the carcinogenic property is retained 
with smaller amounts, and in what proportion, 1s 
not known. It is quite probable that the incidence 
decreases with lower doses in much the same man- 
ner as for strontium’. Brues, Lisco, and Finkel (5) 
reported a high incidence of osteogenic sarcoma in 
mice following single doses of 5 and 2.5 ue. of this 
isotope per gram of body weight (LD5o at 30 days 
for strontium®® was 8 ue. per gram body weight) 
and a considerably smaller incidence with doses of 
1, 0.5, and 0.25 ue. per gram. Repeated monthly 
injections with doses of 1 and (.5 ue. per gram gave 
a high incidence for neoplasm, while 0.2 and 0.1 
ue. per gram resulted in a much lower incidence. 

Radioactive elements such as radium, plutoni- 
um, strontium®’, and phosphorus® are deposited 
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heavily in the skeleton, producing radiation dam- 
age to bone. The changes have been described 
under the term “radiation osteitis’ (2, 6-8) and 
consist essentially of degeneration and necrosis of 
old bone, accompanied by reactive formation of 
new bone which ts usually atypical in arrangement 
and staining, and often fibrous. Frequently, the 
new bone also becomes devitalized. The lesions 
occur in epiphysis and metaphysis, also in the 
shaft where both endosteal and periosteal surfaces 
may be involved. The processes of devitalization 
and formation of atypical bone are similar for vari- 
ous types of radiation (9) (alpha, beta, and gam- 
ma ray), apparently with only quantitative differ- 
ences in the extent of the bone damage which ap- 
pears due to variation in character and number of 
the ionizing particles. 

In our studies with P**, such bone changes, al- 
though varying in degree, were observed almost 
constantly in femur and vertebrae of rats with or 
without sarcoma. One lesion, situated at the distal 
epiphysis of the femur, was sufficiently marked to 
cause expansion of the bone and was associated 
with pathological fracture (demonstrated by 
x-ray). There is strongly presumptive evidence that 
the lesions serve as a precursor to malignancy, al- 
though the precise steps in the metamorphosis are 
not known (2). If this concept is correct, the neo- 
plasm occurs as part of, or as the end result of, 
atypical bony growth representing attempted re- 
generation in regions of radiation necrosis. 

The amount of radiation delivered to the skele- 
ton of the rat by an LD5o dose of 4.5 ue. of P* per 
gram was calculated to be about 12,500 reps. This 
calculation was made by assuming the biological 
half-life of P** to be 10.3 days. The average skeletal 
weight of a 200-gm. rat as determined in this lab- 
oratory was 13 gm. 

The production of malignant neoplasms by P*® 
is of interest in relation to the therapeutic use of 
this isotope. The doses used in our study are much 
larger proportionately than those employed clini- 
cally. An LD5o dose of 4.5 ue. per gram in the rat 
corresponds to 300 me. for a 70-kg. human, Le., 
about twenty times the usual therapeutic dose. 
Whether smaller amounts of P*® will prove car- 
cinogenic for animals is not known at present. 
However, very large therapeutic doses of radio- 
phophorus—and, in fact, of all radioactive isotopes 
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which deposit heavily in bone—would seem to be 
contra-indicated where long term survival is ex- 
pected. 


SUMMARY 


One of the late effects observed in rats injected 
with large doses of radioactive phosphorus was the 
development of malignant neoplasms. Of thirteen 
tumors, ten were osteogenic sarcomas, situated 
most frequently in the jaw and also occurring in 
the spine, tibia, femur, or ilium. Four of the neo- 
plasms metastasized to the lungs. There were three 
squamous-cell carcinomas involving the face and 
associated with exophthalmos. 

The neoplasms occurred in animals which re- 
ceived (a) a single LD59 dose of P*? (average latent 
period of 290 days) and (b) repeated doses of 1.5 
uc. per gram of P*® (average latent period of 165 
days). The incidence of tumor development was 
about 4C€ per cent. 

Atypical proliferation of bone was usually found 
in these rats, and the lesions may have served asa 
precursor to malignant change. 
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Heat Coagulation of Serum in Cancer: A Method 


Applicable to Very Small Quantities of Serum 


ric PonpER, M.D., D.Sc. 


(From the Nassau Hospital, Mineola, N.Y.) 


The method recently deseribed by Huggins, 
Miller, and Jensen (1949) for measuring defects in 
the coagulation mechanism of the sera of cancer 
patients cannot be applied without modification to 
the sera of small experimental animals because the 
quantity of serum required is too large. By substi- 
tuting a measurement of the opacity of the heated 
serum for a measurement of its coagulability (or 
inhibition of coagulation by 1odoacetate), values 
which are well correlated with the iodoacetate in- 
dex of Huggins, Miller, and Jensen can be ob- 
tained; these opacity measurements require a very 
small amount of serum, and are as applicable to the 
sera of small animals as to that of man. 

Method.—0.05 ml. of serum 1s added to 0.75 ml. 
of a NaCl-bufter (four parts of 2.2 per cent NaCl 
plus one part of a mixture of M/15 NaHeCQs; and 
M/15 NasHCQs) at pH 7.0. The mixture, contained 
in a small test tube, is placed in a boiling water 
bath for 30 minutes and is then allowed to cool. 
The extinction coefficient E of the opaque contents 
of the tube is found with a microphotometer which 
has a chamber 1 em. in depth and has a capacity 
of about 0.5 ml.: this microphotometer can be 
constructed by using a microscope tilted horizon- 
tally and fitted with a Lange thermopile in place of 
the eyepiece, together with a potentiometer circuit 
for measuring the thermopile current. The cham- 
ber is fixed on the stage of the microscope in the 
line of the light path, and the light source is a lamp 
with a 630 mu filter. The microphotometer 1s cali- 
brated by inserting neutral filters with known ex- 
tinction coefficients in the path of the light, the 
thermopile current corresponding to each filter be- 
ing measured; this provides a graph from which 
potentiometer readings can be translated into ex- 
tinction coefficients of the opaque diluted serum in 
the chamber. 

The total proteins in the serum are found by a 
gradient tube density method (2), which requires 
only a small drop of serum. The extinction coeff- 
cient is then divided by the total protein to give 
the opacity (as a value of E) per gram of protein, 
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a value which bears a relation to the iodoacetate 
index. 

If larger quantities of serum are available, as in 
the case of man, 0.5 ml. of serum is diluted with 
7.5 ml. of the NaCl-buffer and heated; the opacity 
‘an then be determined on a macro scale with any 
one of the types of photometer commonly found 
in laboratories. 

Correlation with vodoacetate index.—The method 
in which opacity is used in place of coagulability as 
measure of a change in the protein pattern of se- 
rum does not employ iodoacetate as an inhibitor, 
although the addition of 1odoacetate results in a 
reduction of opacity, on heating, in much the same 
way as it results in an interference with the coagu- 
lation mechanism. To compare the results with 
those of the Huggins, Miller, and Jensen method, 
I have accordingly determined the opacity per 
gram of protein and the 1odoacetate index on 100 
human sera, some from normal individuals and 
some from patients known to have malignant dis- 
ease. The determinations of the iodoacetate index 
were carried out exactly as described by Huggins, 
Miller, and Jensen, except the proteins were found 
by the CuSO, density method instead of by micro- 
Kjeldahl. The coefficient of correlation between 
100 observations of the opacity per gram of pro- 
tein and the iodoacetate index was found to be 
0.79 + 0.038.) 


RESULTS 
Tests with small animals.—The results obtained 
for the opacity per gram of protein in normal and 


in tumor-bearing rats (Lewis sarcoma 304 and 311, 
benzpyrene tumors”) and in normal and in tumor- 





| The results obtained with sera having an icterus index of 20 
or more are not included. Sera with a high icterus index give 
unaccountably high opacities after heating, and the corre- 
spondence between the opacity per gram of protein and the 
iodoacetate index is poor. This situation is not improved by 
using red light or by subtracting the extinction coefficient for 
the diluted, unheated serum. 

2Some of the tumor-bearing rats were obtained from the 
laboratories of the Rockefeller Institute, through the kindness 
of Dr. Keith R. Porter. Some of the tumor-bearing mice were 
obtained from the Roscoe B. Jackson Laboratory at Bar Har- 
bor and some from Rockland Farms, N.Y. 
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bearing mice (mammary tumors in swiss albino, 
dba line 1, and C3H strains; spontaneous lympho- 
sarcomas) are shown in Table 1, together with 
values obtained in man (normal, and known to 
have malignant tumors of various types) which are 
given for comparison. 

The distinct decrease in the opacity per gram of 
protein obtained in human sera from persons with 
various kinds of malignant tumors ts also observed 
in the sera of tumor-bearing rats, but there is no 
indication of a similar difference between the sera 
of normal and tumor-bearing mice. The opacity 
per gram of protein is remarkably variable in the 
normal mouse. 

Experience with the iodoacetate index and the 
opacity in human cancer.—In the course of the de- 


T \] ‘ 
ABLE 1 
4 4 4 


THE E VALUES PER GRAM OF PROTEIN IN NORMAL 
AND TUMOR-BEARING SUBJECTS 


Man Normal (50) Mean=0.121, c= +0.018 
‘Tumor-bearing (50) Mean= 0.069, «= +0.019 

Rat Normal (20) 0.077 to 0.105, mean= 0.77 
‘Tumor-bearing (19) 0.026 to 0.080, mean=0.39 

Mouse Normal (25) 0.022 to 0.170, mean=0.338 


‘Tumor-bearing (14) 0.0386 to 0.190, mean= 0.47 
velopment of this method, considerable experience 
has accumulated about the significance of the 
iodoacetate index, as well as that of the reduced 
opacity of heated serum, in cases of cancer In man. 
False positives are about as frequent as Huggins, 
Miller, and Jensen report, and false negatives are 
more frequent than they indicate. These can oc- 
cur, on repeated testing, in cases of metastatic 
carcinoma and even of carcinomatosis; the 10do- 
acetate index and the opacity per gram of protein 
may accordingly be misleading as diagnostic tests. 
Another disturbing feature is the large number of 
“questionable” results, in which a difference be- 
tween a “positive” and a “negative” test would 
result from coagulation occurring in adjacent 
tubes to the one selected. The end point of the co- 
agulation test is none too sharp, and many clinical- 
ly questionable cases fall into the questionable 
‘ategory from the standpoint of the test. Although 
the opacity per gram of protein is a figure which 
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has no error attached to it, apart from that of the 
photometer reading and that of the protein deter- 
mination, it is not possible to set up a value which 
will divide all normal human sera from all sera of 
persons with cancer. Again, the “‘questionable” 
Class is too large. 

The disturbance in the coagulation mechanism 
and in the opacity-producing mechanism in cancer 
is nevertheless a real, if not a constant or a pri- 
mary, phenomenon, and this method of measuring 
it is deseribed, with an admittedly small number 
of animals, so that those who have colonies of tu- 
mor-bearing animals can make more extensive ob- 
servations which readily suggest themselves and 
which can be made when the animals are killed for 
other purposes. Some of these questions are: in 
what kind of tumor-bearing animals does the phe- 
nomenon occur; at what time during the growth of 
a tumor does the phenomenon appear; and does it 
disappear when the tumor is removed? 


SUMMARY 


A method is deseribed for measuring, as the ex- 
tinction coefficient per gram of protein, the opacity 
developed by serum when heated under standard 
conditions. The values obtained are highly corre- 
lated with the iodoacetate index of Huggins, Mil- 
ler, and Jensen, a decreased opacity corresponding 
to a decreased coagulability in cancer and other 
conditions in man. The quantities of serum re- 
quired are so small that the method can be applied 
to small experimental animals; a similar decrease 
in opacity per gram of protein occurs in the tu- 
mor-bearing rat but has not been observed in the 
tumor-bearing mouse, largely because the opacity 
per gram of protein developed in heated mouse 
serum varies very widely. 
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Studies on the Proteins of Rhabdomyosarcoma and Normal 
Muscle of Mice 


I. Gross Composition, Extractions with 0.5 M KCl, 


and Fractionations by Differential Centrif- 


ugation and Dialysis 


Gait Lorenz Mitver, Pu.D., EtizABerH Urrorp Green, Pu.D., 
JosepH J. Kors, B.S., AND ELIzABETH ESHELMAN MILLeEr, B.S. 


(From the Institute for Cancer Research and the Lankenau Hospital Research Institute, Philadelphia 11, Pennsylvania) 


INTRODUCTION 

It has been pointed out by Toennies (28) that 
recent trends “from varied investigative direc- 
tions, such as immunology, genetics and cytology, 
virus research and enzymology” have again fo- 
cused attention on proteins and nucleoproteins as 
possible sites of specific chemical differences be- 
tween malignant tumors and the normal tissues 
from which they arise. A survey of the earlier at- 
tempts to make comparative analyses of these com- 
ponents led to the conclusion that the difficulties 
encountered in the studies center around questions 
of **(a) homologous tissue, (b) homogeneous tissue, 
(c) deterioration of tissue, (d) disintegration of 
tissue, (e) the structural complexity of cells, and 
(f) the dynamics of metabolism.” The present 
series of experiments represents the initiation of an 
attempt to overcome some of these difficulties and 
to obtain decisive evidence as to whether or not 
the proteins of cancer tissues differ in their chem- 
ical or physico-chemical properties from normal 
homologous tissues. 

Normal, adult mouse muscle and a rhabdomyo- 
sarcoma derived from it were chosen as mate- 
rials upon which a comparison might be based. 
The mice used were of an inbred strain (C3H) 
within which rhabdomyosarcomas were known to 
be readily producible (6). The tumors, once pro- 
duced, could then be maintained by serial trans- 
plantation. Both the normal and malignant tissues 
were found to be relatively homogeneous, and a 
continuous supply of suitable homologous tissues 
was thus assured. 

The use of muscle and muscle tumor had the 
further advantage that more information was 
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available on the protein chemistry of muscle than 
of most other animal tissues. The proteins ex- 
pected to be found in muscle include myosin (12, 
27, 30), myogen (2, 4, 10, 24, 29), globulin x (16, 
24, 31, 32), ribose and desoxyribose nucleopro- 
teins (20), myoalbumin (24), muscle hemoglobin 
(19), actin (27), tropomyosin (3), peptomyosin 
(5), and numerous enzymes, some of which might 
be represented by certain of the above-mentioned 
proteins. 

A preliminary analysis consisted of gross meas- 
urements of the moisture, ash, phosphorus, and ni- 
trogen contents of whole tissues. This was followed 
by exploratory-extraction studies with a salt solu- 
tion containing 0.45 mM KCl and 0.05 m KHCQs. A 
salt solution of such a concentration insures dis- 
solving myosin and most of the other known pro- 
teins of muscle, with the exception of desoxyribose 
nucleoprotein. Preliminary fractionations of the 
extracts were carried out by differential centrifuga- 
tion and by dialysis. The results of these studies 
are described in the present paper. An accompany- 
ing paper will report electrophoretic and visco- 
metric studies of the extracts. 

EXPERIMENTAL 

Source and preparation of material.—In order to 
obtain a muscle tumor, 80 mice of the C3H strain, 
2-21 months old, were given a single injection of 
0.5 mg. of 20-methylcholanthrene in 0.05 ml. of 
lard, filtered at 37° C. The mice were anaesthetized 
with nembutal, and the injection was made from 
the heel upward through the shank into the muscle 
of the thigh in 71 mice and directly into the mus- 
cle of the hip in nine mice. Of 69 mice that lived 
until the appearance of the first tumor, 57 devel- 
oped tumors at the site of the injection, with in- 
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duction times ranging from 71 to 323 days; and, of 
52 tumors from which slides were available, 37 
were spindle-cell or mixed spindle- and muscle-cell 
sarcoinas, 7 were sarcomas of the polymorphous 
cell type, and 8 appeared to be pure rhabdomyo- 
sarcomas. Five tumors, representing all three 
types. were carried by serial transplantation. 

The muscle tumor used in the present work 
(MC-1 A) was first observed 71 days after injec- 
tion of methylcholanthrene. It was transplanted 
on the 95th day and was carried through more than 
50 serial transplant generations. It was maintained 
in C3H and F, (C3H X dba) mice and was found 
to grow in 100 per cent of the inoculated animals. 
The rate of growth, however, was relatively slow, 
for, after 24 days, the tumors measured only about 
1 X 1.5em. Figure 1 shows a section of the tumor as 
it appeared in the first transplant generation. For 
comparative purposes, a section of normal mouse 
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mal mice; the most readily dissected muscles of 
fore and hind limbs and back were used. 
Deterioration of collected tissue was prevented 
by freezing it with dry ice. The material was either 
used at once or stored at —15° C. until needed. 
Before being analyzed directly or subjected to ex- 
traction, pieces of frozen tissue were mixed with 
approximately 2 volumes of dry ice and disinte- 
grated to a fine powder, with the aid of a glass 
mortar and pestle. Suitable aliquots of the frozen 
powder were then transferred to containers in 
which they were next to be treated, and the 
weights were noted when all the dry ice had evapo- 
rated and when constant readings were obtained. 
Grross composition of rhabdomyosarcoma and nor- 
mal muscle.—Moisture determinations were car- 
ried out by drying 1-gm. samples of pulverized tis- 
sue in vacuo at 109° C. Constant weight was at- 
tained within 24 hours. For ash determinations, 


CONSTITUENT 


Moisture 

Ash, wet basis 
Ash, dry basis 
P, wet basis 
P, dry basis 
N, wet basis 
N, dry basis 


TABLE 1 


GROSS COMPOSITION OF RHABDOMYOSARCOMA AND NORMAL MUSCLE 


Normal 
mice 
per cent 


75.3 (9)* 
1. 264 (6) 
5.03 (6) 
(0). 249 (5) 
1.06 (5) 
3.49 (5) 
14.73 (5) 


NorMAL Muscie 
Tumor-bearing 
mice 
per cent 
75.4 (7) 
1.326 (6) 
5.30 (6) 
(). 242 (5) 
1.06 (5) 
$3.42 (5) 
14.79 (5) 


STD. ERROR OF  SIGNIFI- 

RHABDOMY- DIFFERENCE OF CANT DIF- 

Mean OSARCOMA MEANS FERENCE 

per cent per cent 

75.4 (16) 83.0 (11) 0.45 + 
1.295 (12) 1.302 ( 6) 0.093 
5.17 (12) 7.59 ( 6) 0.11 Sa 
(0). 246 (10) (). 262 ( 5) 0.006 — 
1.06 (10) 1.52 ( 5) 0.030 oo 
3.46 (10) 2.23 ( 5) 0.046 + 
14.76 (10) 12.82 (5 0.28 + 





* The numbers of replicas are indicated in the parentheses. 


muscle is also shown. The average composition per 
unit volume of typical sections of tumor tissue, as 
determined by the method of Chalkley (7), was 74 
per cent tumor cells, 13 per cent necrotic tissue, 
and 13 per cent stroma and tissue space. Normal 
muscle contained 89 per cent muscle fibers plus 11 
per cent of other tissues and tissue spaces. The 
ratio of volumes of cytoplasm to nucleus was 2:1 
for the tumor cells and 50:1 for the normal muscle. 
The histological characteristics of the rhabdomyo- 
sarcoma did not change appreciably during suc- 
cessive transplantations. Longitudinal fibrils were 
distinguished in many of the smaller cells as well 
as in elongated giant cells, and occasionally cross 
striations were seen. Metastases occurred fre- 
quently in the lung and sometimes in other organs. 

In order to prepare material for chemical stud- 
les, transplants were allowed to grow for 3-4 weeks 
in mice 3—5 months old. The mice were then killed 
by bleeding at the throat, and the tumors were ex- 
cised. The weights of tissue obtained after removal 
of small amounts of necrotic material averaged 1.4 
gm. per mouse. Normal muscle, when required, 
was obtained from either tumor-bearing or nor- 


the dried residues were incinerated at 450° C. To- 
tal nitrogen determinations were made by a micro 
Kjeldahl-Nessler method (17). Phosphorus analy- 
ses were carried out by the method of Allen (1), 
and suitable aliquots of Kjeldahl digests were used 
for this purpose. 

Results obtained for rhabdomyosarcoma and 
for normal muscle from normal mice and mice 
bearing the transplanted tumor are shown in 
Table 1. Standard errors of means were calculated 
from the appropriate formula for small samples, 
given by Fisher (13). Significance of difference is 
based on a level of probability of 99 per cent. Since 
the data for normal muscle of normal mice did not 
appear to differ significantly from those of tumor- 
bearing mice, all data for normal muscle were aver- 
aged. 

The moisture content of the cancer tissue was 
significantly higher than that of normal muscle. 
A high moisture content is a characteristic of 
cancer tissue, an observation encountered by 
many authors (25) but not yet explained. Further- 
more, the actual values that were found seem to 
conform, in general, with those obtained by other 


~ 
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investigators on comparable materials. For exam- 
ple, the value for the normal muscle tissue of mice 
agrees well with the value previously reported for 
adult muscle of species other than mice (21, 25), 
while that for the tumor falls remarkably close to 
corresponding values reported for a number of 
tumors other than rhabdomyosarcoma (11, 14, 25). 
The high value for the muscle tumor of mice is 
also similar to the high values reported for bovine 
fetal muscle (21). 

The ash contents differed when calculated on 
the basis of dry tissue but did not differ on a wet 
basis, and the phosphorus data showed analogous 
differences. The phosphorus of the tissues arose, 
presumably, from three major sources: namely, in- 
organic phosphate, adenyltriphosphate, and nu- 
cleoprotein. To judge on the basis of nuclear nu- 
cleoprotein alone, the 25-fold higher nucleocyto- 


ee 
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Eatraction of tissues.—Differences in behavior 
of tumor and of normal tissues during extrac- 
tion made it difficult to discover a single set of 
conditions suitable for both. During the course of 
the studies, therefore, several different conditions 
were used, as outlined under A, B, C, and D in 
Table 2. All extractions and centrifugations were 
carried out at 4° C. After the extractions were 
made with the buffered KCl, the residues which re- 
mained were extracted three times with 8 ml. of 
0.1 N NaOH, leaving a small amount of fibrous 
material which resisted further dispersion. The vari- 
ous extracts were finally filtered by gravity through 
tight plugs of glass wool, to remove small amounts 
of suspended fat or other particulate material. 

To follow the progress of the extractions, nitro- 
gen determinations were carried out on each frac- 
tion. Calculations were then made of the distribu- 


TABLE 2 
CONDITIONS OF EXTRACTION WITH BUFFERED KC] 


Conditions A 


Weight of sample (gm.) 8 
Composition of extracting fluid 0.45 M KCI 


Volume of extracting fluid (ml.) 


Extract No. 1 $2 
Extract No. 2 32 
Extract No. 3 32 
Extract No. 4 32 
Time of shaking (min.) 30 
Centrifugal field (g)* 2,000 
Time of centrifugation (min.) 30 


* Angle centrifuge, type SS-1, Ivan Sorvall, Inc. 


plasmic ratio of malignant tissue, compared with 
normal tissue, suggested an even greater difference 
in phosphorus values than was found. It seemed 
probable, however, that the adenyltriphosphate 
phosphorus of the tumor was lower than that of the 
muscle. 

The nitrogen content of rhabdomyosarcoma was 
significantly lower than that of normal muscle, 
either on a wet or on a dry basis. The difference in 
nitrogen contents of normal and of tumor tissues 
might be due to differences in contents of fat, car- 
bohydrate, or high or low nitrogen proteins. It 
might be noted that the respective values of 12.82 
per cent and 14.76 per cent nitrogen for rhabdo- 
myosarcoma and normal muscle of mice are quite 
similar to corresponding values of 11.81 per cent 
and 15.05 per cent nitrogen for fetal and adult 
bovine muscles (21). 

The similarities of the high moisture and low 
nitrogen of mouse rhabdomyosarcoma to the high 
moisture and low nitrogen of embryonic muscle of 
the cow might be taken as expressions of the em- 
bryonic character of tumor. More reliable informa- 
tion on this question should be obtainable from a 
controlled comparison of embryonic and tumor 
tissues within the same species. 


0.45 M KCl 
0.05 M KHCO, 
0.001 M Na,P.O; 


B C 1) 


~ s Ss 

0.45 M KCl 0.45 M KCl 
0.05 M KHCO, 0.05 M KHCO, 
0.001 M Na,P.O; 0.001 M NayP.O,; 


64 64 64 
32 32 32 
32 32 32 
32 32 32 
30 30 30 
2,000 8,000 8,000 
30 30 240 


tion of nitrogen between the different extracts. It 
was found, however, that if corrections were ap- 
plied to account for amounts of nitrogen assumed 
to exist in portions of fluid imbibed by the residues, 
anomalous results were obtained, particularly 
when the residues were well packed by high cen- 
trifugal fields. For example, less nitrogen was pres- 
ent in certain extracts than was assumed to occur 
in the imbibed fluids of the residues left from the 
previous extraction. This finding may be explained 
by the assumption that the imbibed fluid consists 
mainly of water of hydration. It would seem, 
therefore, that residues obtained after centrifuga- 
tion at high speeds represent, principally, hydrated 
protein with comparatively little occluded protein 
solution. Consequently, the amount of nitrogen 
mobilized by any given extraction was calculated 
simply on the basis of the portion of fluid decanted 
from the centrifuged residue. 

The first extraction experiments were carried 
out on tumor tissue under condition A. The dis- 
tribution of nitrogen in per cent of total nitrogen 
is shown under experiments 1, 2, 3, and 4 of Table 
3. On the average, 80 per cent of the nitrogen was 
extracted by the buffered KCl, 15 per cent by the 
alkali, and 5 per cent remained insoluble. 














When condition A was employed with normal 
muscle. however, stiff gels were obtained, and the 
extracts could not be used for further study. This 
difficulty was resolved by the use of condition C, 
by which the centrifugal field was made four times 
as great, the proportion of extraction medium used 
for the first extract was doubled, and 0.001 m 
Na,P.O; was incorporated into the medium to 
split the highly viscous actomyosin of muscle into 
the relatively less viscous actin and myosin (26). 
The distribution of nitrogen thus obtained is 
shown under experiments 5, 6, and 7 of Table 3. 
On the average, 68 per cent of the nitrogen was 
extracted by the buffered KCl, 26 per cent by the 
alkali, and 6 per cent remained insoluble. 

To compare the rates of extraction of rhabdo- 
myosarcoma and normal muscle under more nearly 
identical conditions, the extractions of rhabdo- 
myosarcoma were next repeated under the condi- 
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unsatisfactory, however, for extraction of tumor 
tissue, since the residue obtained after the first ex- 
traction and centrifugation appeared in the form 
of a cohesive mass, completely unworkable for 
further extractions. It was concluded that short 
periods of high-speed centrifugation should be used 
during the successive extraction steps and that 
longer periods of centrifugation could then sub- 
sequently be carried out in order to remove fluffy 
material from the decanted extracts. 

It was noted that, while the KCl extracts No. 1 
of tumor were not at all viscous, all subsequent 
KCl extracts were very much so, even in spite of 
their lower nitrogen contents. Successive muscle 
extracts, on the other hand, showed viscosities 
which on_ superficial inspection corresponded 
roughly to their nitrogen contents. 

Fractionation by differential centrifugation.— 
Preliminary observations were made in regard to 


TABLE 3 


DISTRIBUTION OF NITROGEN DURING EXTRACTION OF RHABDOMYOSARCOMA AND NORMAL MUSCLE 


CONDITIONS KCI-KHCOs3 eExtTRACTIONS IN- 
EXpPrer. OF NaOH SOLUBLE 
NO. TIssuE EXTRACTION No. 1 No. 2 No. 3 No. 4 Total EXTRACTIONS RESIDUE 
per cent 
] Tumor A 61.2 10.4 4.9 2.0 78.5 17.8 3.7 
2 7 A 56.8 13.9 4.0 1.5 76.2 19.0 4.8 
S ” A 56.1 16.1 6.0 3.6 $1.8 14.6 3.6 
4 ° A 67.0 11.8 4.5 1.1 84.4 8.7 6.8 
5 Normal C 38.3 17.7 10.5 66.5 26.0 7.5 
6 - C 33. 20.2 15.0 4.2 12.5 22.5 5.1 
7 . > 36.2 16.6 7.9 4.3 64.9 29.7 5.3 
S Tumor B 63.9 15.1 2.7 Pe 83.4 14.0 2.5 
9 . > 55.7 19.9 4.0 1.8 $1.4 16.0 2.6 


tions required by the muscle. Furthermore, to test 
separately the effects of pyrophosphate and high 
centrifugal fields, one experiment was carried out 
under condition B and another under condition C. 
The results, shown in Table 3, as experiments 8 
and 9, respectively, indicate that the extraction 
data for the tumor tissue are not appreciably al- 
tered by either pyrophosphate or the higher cen- 
trifugal field. Comparison of the data for tumor 
with those for normal tissue shows that the nitro- 
gen of the tumor is more readily and more com- 
pletely extracted by buffered KCl than is the ni- 
trogen of the normal tissue. 

A further technical difficulty which contributed 
to the irregularities in certain data of Table 3 must 
be mentioned. This was caused by the occurrence 
of layers of fluffy material above the more firmly 
packed portions of the centrifuged residues. It be- 
came a matter of arbitrary choice to retain this 
material with the residue or to add it to the de- 
canted extract. An unsuccessful attempt was made 
to solve the difficulty by the use of longer periods 
of high-speed centrifugation as in condition D 
shown in Table 2. This condition was completely 


the presence of “heavy” fractions in the various 
extracts. These were isolated by differential cen- 
trifugation. Extracts No. 1 of fresh muscle, ob- 
tained after 5-hour centrifugation at 8,000 g in ex- 
periment 5, were comparatively clear, and on fur- 
ther centrifugation for 33 hours at 8,000 g yielded 
only very small pellets of heavy material. Extracts 
No. 1 of fresh tumor, as in experiment 9, on the 
other hand, were very opalescent after 3-hour cen- 
trifugation at 8,000 g and yielded large translu- 
cent pellets of heavy material on further centrifu- 
gation for 33 hours at 8,000 g. Microscopic exami- 
nation of the resuspended pellets revealed parti- 
cles of a size roughly corresponding to Claude’s 
‘‘large granules” (8, 9). The yields of heavy mate- 
rial from an extract No. 1 of tumor after three suc- 
cessive centrifugations for 24 hours each at 8,000 g. 
corresponded to 8.5, 3.3, and 1.8 per cent, respec- 
tively, of the total nitrogen of the extract. Suspen- 
sions of the material were not viscous. 
Appreciable amounts of heavy material were 
also obtained from an extract No. 2 of tumor. The 
yields after two successive centrifugations for 23 
hours at 8,000 g corresponded to 21 per cent and 
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4 per cent, respectively, of the total nitrogen of the 
extract. Suspensions of this material were highly 
Viscous. 

To distinguish heavy fractions of extract No. 1 
of tumor from those of extract No. 2 by chemical 
means, tests were made for ribose nucleic acid and 
desoxyribose nucleic acid. These were carried out 
on trichloracetic extracts of the preparations (22) 
by modifications of the Mejbaum and Dische 
methods (18, 23). Heavy fractions from extracts 
No. 1 contained 16 per cent ribose nucleic acid and 
only 3 per cent desoxyribose nucleic acid, both 
values being calculated on the basis of an assumed 
nitrogen content of 11 per cent for the large gran- 
ules (9). Heavy fractions from extracts No. 2 con- 
tained, on the other hand, 18 per cent desoxyribose 
nucleic acid, calculated on the basis of an assumed 
nitrogen content of 15 per cent for desoxyribose 
nucleoprotein (20). The ribose nucleic acid con- 
tent of the latter material has not yet been deter- 
mined. 

The low viscosity and high ribose nucleic acid 
content of heavy material of extract No. 1 indi- 
cates it to be largely cytoplasmic granules, while 
the high viscosity and high desoxyribose nucleic 
acid content of heavy material of extract No. 2 indi- 
cates that this fraction is primarily nuclear nucleo- 
protein. It appears that the large granules, to- 
gether with the bulk of the other cytoplasmic con- 
stituents, are taken up by the first extraction and 
that, following this step, subsequent extractions 
lead to incipient liberation of desoxyribose nucleo- 
protein from nuclear material remaining in the 
residues. 

Fractionation by dialysis.—Since myosin is solu- 
ble in 0.5 m salt and insoluble in 0.02 m salt in 
which all other extracted proteins remain soluble 
(12, 24, 27, 30), it can be separated from the ex- 
tracts by reduction of salt concentration. Dialysis 
of 20 ml. of extract No. 1 of normal muscle in 
1-inch cellulose casing against 480 ml. of distilled 
water at 0° C. for 2 hours with stirring, or over- 
night in the refrigerator, yielded a precipitate of 
myosin. The precipitate was separated by centrifu- 
gation and was freed of adhering supernatant 
fluid by resuspending it three times in 10 ml. of 
0.02 m KCl and recentrifuging each time. The 
washed precipitate was then dissolved with the 
aid of 18 ml. of 0.5 m buffered KCI to yield a slight- 
ly opalescent, quite viscous solution. The yields of 
myosin isolated from extracts No. 1 of three differ- 
ent extraction experiments corresponded to 38-44 
per cent of the total protein nitrogen of each ex- 
tract. 

The above dialysis conditions were next used 
for the isolation of myosin from tumor extracts. Jn 
each of the first two experiments, made on ex- 
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tracts No. 1 of stored tumor tissue, yields of myo- 
sin-like material represented 4.7 per cent of the 
total protein nitrogen of the extract. In the third 
experiment, carried out with extract No. 1 of fresh 
tumor tissue, a much higher yield of 13.7 per cent 
was realized. This was undoubtedly the result of 
contamination with “heavy” material which also 
was found to precipitate at low salt concentrations. 
In a fourth experiment, also carried out on fresh 
tumor tissue, precautions were taken to remove 
heavy material by means of repeated high-speed 
centrifugation before the dialysis step. From an ex- 
tract thus treated, a final yield of myosin-like ma- 
terial of 5.3 per cent was obtained. To explain the 
lack of heavy material in the first two experiments, 
it must be assumed that storage of the tumor tis- 
sues In dry ice over a period of several months, as 
was the case, converted the heavy material into a 
form which did not separate with the myosin 
fraction. 

Because of the possibility that the various myo- 
sin fractions might have been contaminated with 
nucleoproteins, tests were made for desoxyribose 
and ribose nucleic acid contents. The desoxyribose 
nucleic acid content of the tumor myosin fraction 
appeared very low, namely, about 2—4 per cent. 
The myosin fraction of normal muscle also gave a 
low value of 2 per cent or less. These values may 
justifiably be considered too high, since the color 
obtained was green, instead of blue, and the rate 
of color development was abnormally rapid. The 
ribose nucleic acid content of the myosin fraction 
from normal muscle was 1-2 per cent. Again, these 
Jow values which were obtained may not have been 
altogether due to ribose nucleic acid. 

If it is assumed that the proportions of myosin 
in extracts Nos. 2, 3, and 4 were the same as those 
observed in extracts No. 1, the myosin content of 
rhabdomyosarcoma is about one-seventh that of 
normal muscle. This is similar to the low myosin 
content observed by Herrmann and Nicholas in 
embryonic muscle of the rat (15). In terms of gen- 
eral solubility, relative viscous behavior, and es- 
sential lack of nucleic acid, the myosin-like mate- 
rial from rhabdomyosarcoma is quite similar to 
myosin of muscle. It will be shown in the following 
paper, however, that the two differ in certain other 
respects. 

SUMMARY 

The production of a rhabdomyosarcoma in mice 
and its preparation for chemical analysis have been 
described. 

Preliminary studies of gross composition of 
rhabdomyosarcoma and normal muscle revealed 
that the moisture content of rhabdomyosarcoma 
was significantly higher than that of normal mus- 
cle, while the reverse held true for the nitrogen 
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eontei!s. The phosphorus and ash contents of tu- 
mor tissue were higher than those of normal tissues 
when calculated on the basis of dry tissue, but no 
differences were observed on a wet basis. The sig- 
nificance of these findings was discussed. 

Extraction studies made with a salt solution 
containing 0.45 m KCl, 0.05 m KHCQs, and 0.001 
mu Na,P,O7 showed that the nitrogen of the tumor 
was more readily and completely extracted than 
that of the normal tissue. Other differences in be- 
havior of the tissues during extraction were noted. 

Fractionation of extracts by differential centrif- 
ugation yielded appreciable amounts of “heavy” 
material from tumor but very little from normal 
muscle. Tests for ribose nucleic acid and desoxy- 
ribose nucleic acid contents indicated that the 
heavy material obtained from a first extraction of 
tumor tissue represented largely cytoplasmic nu- 
cleoprotein, while heavy material from subsequent 
extracts represented primarily nuclear nucleopro- 
tein. 

Reduction of salt concentration of the extracts 
by means of dialysis, which yielded myosin from 
normal muscle, yielded also a myosin-like sub- 
stance from tumor. The amount of this material 
obtained from tumor was approximately one- 
seventh that obtained from muscle. 
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INTRODUCTION 

Proteins are ordinarily characterized, from a 
physico-chemical standpoint, in terms of their 
electrophoretic behaviors and the sizes and shapes 
of their molecules. In order to compare proteins of 
cancer tissues with those of normal tissues it is de- 
sirable, therefore, to establish these properties for 
each. In addition, it is of interest to determine the 
relative proportions in which the different pro- 
teins occur. A feasible approach consists of extract- 
ing tissues with appropriate solvents and subject- 
ing the fractions obtained to electrophoresis, ultra- 
centrifugation, diffusion, partial specific volume 
determination, and viscometry. The extraction of 
rhabdomyosarcoma and normal muscle of mice 
with buffered 0.5 m salt solution and the partial 
fractionation of the extracts by differential centrif- 
ugation and dialysis have been described in the 
preceding paper (16). The present work covers ex- 
ploratory electrophoretic and viscometric studies of 
these extracts and the fractions obtained there- 
from. Results obtained with other extraction sol- 
vents and by other physico-chemical methods will 
serve as bases for subsequent reports. 


EXPERIMENTAL 


Electrophoretic measurements.—Electrophoretic 
measurements were made in the Longsworth modi- 
fication (12, 13) of the Tiselius apparatus, pur- 
chased from the Klett Manufacturing Company. 
Observations of the boundaries were made with 
the Svensson-Philpot optical system (19). Since 
most of the extracts were opalescent, photographs 
of the boundaries were taken with the aid of infra- 
red light and infrared sensitive plates, as suggested 
by Treffers and Moore (21). Fifteen-ml. aliquots 
of the samples to be used for electrophoresis were 
placed in cellophane tubes and equilibrated for 48 
hours against 2-l. portions of buffer. 

Most of the electrophoresis experiments were 
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carried out in 0.45 Mm KCI-0.05 m KHCQOs contain- 
ing 0.001 m Na,P.O;. This was the same buffer 
which was used for the tissue extractions (16), and 
its further use for electrophoresis avoided the pre- 
cipitation of proteins which might occur during 
dialysis against buffers of other ionic strengths or 
pH values. It had been noted during the previous 
studies that the presence of 0.001 Mm Na4P.O, was 
essential to the extraction of normal muscle but 
did not affect appreciably the extraction of rhabdo- 
myosarcoma (16). In complete analogy, the pres- 
ence of pyrophosphate was essential to the electro- 
phoresis of extracts of normal muscle but did not 
affect the electrophoresis of extracts of tumor tis- 
sue. It must be pointed out, however, that al- 
though electrophoresis was thus practicable on all 
successive extracts of muscle, only the first extract 
of tumor could be studied. Extracts Nos. 2, 3, and 4 
of tumor were much too viscous, and, further, this 
condition was not alleviated by the addition of 
pyrophosphate. 

After the removal of the myosin from the ex- 
tracts by the procedure previously described (16) 
it was found that dialysis against the 0.1 N veronal 
buffer described by Longsworth (14) could be car- 
ried out without any precipitation of other con- 


stituents of the extracts. For comparative pur- 


poses, electrophoretic measurements were, there- 
fore, made in this buffer, as well as in the KCl buf- 
fer, on the supernatants from the precipitates of 
the myosin fractions. 

When the 0.5 m buffered KCl was used, it was 
not possible to employ a current greater than 30 
milliamperes, and this necessitated running the ex- 
periments for at least 24 hours. The danger of 
polarization of the electrodes during these long 
experiments was avoided either by stopping the 
current and exchanging the electrodes or by start- 
ing the experiments with electrodes of which one 
had been completely coated with silver and the 
other coated with silver chloride. By using these 
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“charged” electrodes, an experiment could be car- 
ried out for as long as 38 hours without polariza- 
tion. When the 0.1 N veronal buffer was used, how- 
ever. these difficulties were not encountered, and it 
was possible with a current of 20 ma. to complete 
the runs within 3-4 hours. 

The “6 boundary anomaly” (15) appeared in 
runs which were made in the 0.1 N veronal buffer 
but not in those made in the 0.5 m buffered KCl. 
With both buffers the patterns obtained from 
ascending and descending boundaries were usually 
very similar in appearance. The mobilities calcu- 
lated for corresponding boundaries of ascending 
and descending limbs were averaged. 

Representative electrophoretic patterns ob- 
tained for extract No. 1 of rhabdomyosarcoma and 
extract No. 1 of normal muscle are shown in Fig- 
ure 1, a and 6, respectively. Electrophoretic dia- 
grams for extracts of normal muscle succeeding ex- 
tract No. 1 are not shown, since they were very 
similar to those of the first extract. The patterns 
for rhabdomyosarcoma revealed four major com- 
ponents: those for normal muscle, three major 
components, plus several very minor ones. The 
minor components will not be treated in this re- 
port. The mobilities of the major rhabdomyosar- 
coma components, arbitrarily labeled a, B, y, and 6 
were 0.28, 0.35, 0.56, and 1.01 & 10-4 em/sec/v/ 
cm, respectively; those of normal muscle, labeled 
A, B, and C, were 0.24, 0.28, and 0.35 K 10-4 
cm/sec/v/em. These values represented averages 
obtained from extracts No. 1 of seven different 
preparations of rhabdomyosarcoma and extracts 
Nos. 1, 2, and 3 of three different preparations of 
muscle. 

It can be seen that the 6 component of rhabdo- 
myosarcoma has no counterpart in the muscle. 
Because of its high mobility, it is thought likely to 
represent nucleic acid. Components a and 8 of 
tumor appear at first glance to resemble B and C 
of muscle; later experiments, to be described, 
prove, however, that they are different. The a and 
8 components of rhabdomyosarcoma and the A 
and B components of muscle were usually very 
poorly resolved. A possible component in tumor 
extracts migrating at a rate between those of the 
8 and y components was not usually distinguish- 
able. 

The proportions in which the different compo- 
nents of the extracts occurred were calculated on 
the basis of the areas under the individual peaks. 
This was not possible for all components, due to 
their incomplete electrophoretic separation. Thus, 
the a and 6 of tumor had to be considered together 
and similarly the A and B of muscle. Components 
a plus 8 comprised 87 per cent of the total proteins 








of extract No. 1 of tumor; y and 6, 9 and 4 per 
cent, respectively. Components A plus B com- 
prised 42 per cent of the total proteins of extract 
No. 1 of normal muesle; C, 58 per cent. 

Myosin preparations, obtained from extracts 
of tumor and normal tissues (16) revealed electro- 
phoretic patterns such as those presented in Figure 
1, cand d, respectively. Boundaries of the myosins 
were often somewhat asymmetric owing to the 
viscous nature of the proteins, as pointed out by 
Dubuisson (4). The mobility of tumor myosin, 
averaged from the values given by three different 
preparations, was 0.38; that of muscle myosin, also 
averaged from those of three different prepara- 
tions, was 0.33. The mobility of the myosin of nor- 
mal muscle corresponded to that of the C compo- 
nent of the original muscle extract. 

Supernatants from the myosin preparations, 
containing the proteins which were soluble in 0.02 
M salt (16), exhibited the electrophoretic diagrams 
shown in Figure 1, e and f. The diagrams of the 
supernatants of tumor extracts showed no signifi- 
cant change from the patterns of the original tu- 
mor extracts; the slight variations were of the same 
type and magnitude as those given by different 
preparations of the original extracts. This was to 
be expected, however, since the amounts of myosin 
removed from tumor were too low to be revealed in 
the presence of large amounts of other components 
having approximately the same mobility. Dia- 
grams for the supernatants from normal muscle 
myosin showed, on the other hand, a marked al- 
teration, because they lacked the C component. It 
may be concluded, therefore, that the C compo- 
nent of extracts of normal muscle represents 
myosin. 

In order to obtain more detailed information 
regarding the proteins of the supernatants, it ap- 
peared worth-while to carry out electrophoretic 
tests in 0.1 N veronal buffer at pH 8.6. As men- 
tioned earlier, the lower ionic strength could be 
employed once the myosin was removed. Further- 
more, the lower ionic strength made it possible to 
obtain more rapid movement of the boundaries, 
together with improved resolution of components 
by virtue of minimized spread due to diffusion. 
Diagrams of the rhabdomyosarcoma and muscle 
supernatants, obtained under these conditions, are 
shown in Figure 2, a and 0b, respectively. Those of 
the tumor material revealed with fair certainty a 
total of seven components. In the diagram shown, 
the most rapidly moving one, the 6 component, 
has passed out of the field. These components were 
labeled a;, a2, a3, Bi, Bo, y, and 6, and were found, 
in four experiments, to yield average mobilities of 
0.21, 0.32, 0.39, 0.47, 0.57, 0.68, and 0.98, respec- 
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tively. Diagrams of the muscle supernatants re- 
vealed improved resolution still more markedly 
than cid the tumor supernatants, but no new com- 
ponents appeared. Values for the mobilities of A 
and Ik, averaged from two experiments, were 0.21 
and 0.35. From the results as a whole, obtained 
with veronal buffer, it may be observed that only 
the mobilities of the a; component of tumor and 
the (\ component of muscle were the same, but 
further evidence would be required to prove their 
identity. 
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Fic. 2.—Electrophoretic patterns of ascending boundaries 
of fractions of rhabdomyosarcoma and normal muscle of mice. 
Buffer, 0.1 N veronal at pH 8.6. The vertical arrows indicate 
positions of starting boundaries; the horizontal arrows, direc- 
tions of migration. Time of electrophoresis, 2 hours at a field 
strength of 8.1 v. per centimeter. (a) Supernatant from myosin 
of extract of rhabdomyosarcoma. Protein, not determined. 
Angle, 70°. (b) Supernatant from myosin of extract of normal 
muscle. Protein, not determined. Angle, 70°. 


The pentose-containing heavy fractions ob- 
tained from extract No. 1 of tumor (16) proved to 
be remarkably homogeneous when tested by elec- 
trophoresis. Only a small proportion of the mate- 
rial, possessing a much higher mobility, separated 
from the principal component. Patterns given by 
the heavy material, tested in buffered 0.5 m KCl, 
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are shown in Figure 3. The mobility of the major 
component, averaged from two experiments, was 
0.56. 

Because of several sources of error which were 
encountered in the long experiments carried out in 
buffered 0.5 m KCl, such as the increased oppor- 
tunity for leakage, the boundary spread due to dif- 
fusion, and the variable pH due to the poor buffer 
ing power of the KHCOs, values for mobilities de- 
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Fic. 3.—Electrophoretic patterns of ascending boundaries 
of ribose-containing heavy fraction from extract of rhabdomyo- 
sarcoma. Buffer, 0.45 m KCl-0.05 m KHCO;-0.001 m 
Na,P,0;. The vertical arrows indicate positions of starting 
boundaries; the horizontal arrows, directions of migration. 
Solid line represents the boundaries after approximately 12 
hours at a field strength of 1.3 v. per centimeter; broken lines, 
after approximately 24 hours. Protein, 4.7 mg. per milliliter. 
Angle, 60°. 
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termined under these conditions could not be con- 
sidered to be of high accuracy. In order to estab- 
lish with certainty the identity or nonidentity of 
the particular protems whose mobilities deter- 
mined in the buffered KCl fell within the same 
range, it was necessary, therefore, to carry out 
special electrophoretic runs on mixtures of such 
fractions. A mixture of myosin from tumor and 
myosin from normal muscle, thus tested, gave two 
distinct boundaries, having mobilities of 0.45 and 
0.33, respectively. It was thereby well established 
that the myosins from the two sources differ elec- 
trophoretically, even though other properties 
would appear to place them in the same classifica- 
tion (16). The abnormally high mobility of the 





Fic. 1.—Electrophoretic patterns of ascending boundaries 
of fractions of rhabdomyosarcoma and normal muscle of mice. 
Buffer, 0.45 m KCI-0.05 m KHCO,-0.001 m Na,P.O;. The 
vertical arrows indicate positions of starting boundaries; the 
horizontal arrows, directions of migration. Solid lines repre- 
sent boundaries after approximately 6 hours at a field strength 
of 1.3 volts per centimeter; broken lines, after approximately 
24 hours. (a) Extract of rhabdomyosarcoma. Protein, 7.0 mg. 


per milliliter. Angle of knife edge, 70°. (b) Extract of normal 
muscle. Protein, 10.3 mg. per milliliter. Angle, 50°. (¢) Myosin 
from extract of rhabdomyosarcoma. Protein, 2.9 mg. per milli- 
liter. Angle, 70°. (d) Myosin from extract of normal muscle. 
Protein, 3.6 mg. per milliliter. Angle, 50°. (e) Supernatant from 
myosin of extract of rhabdomyosarcoma. Protein, 6.0 mg. per 
milliliter. Angle, 70°. (f) Supernatant from myosin of extract of 
normal muscle. Protein, 5.6 mg. per milliliter. Angle, 70°. 
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tumor myosin in the presence of normal myosin 
will, however, require further investigation. 

A mixture of heavy material of tumor with myo- 
sin of tumor yielded on electrophoresis a slightly 
asymmetric peak, with a mobility of 0.37. This 
finding was in accord with the observations al- 
ready made that the mobilities of each of these 
substances determined separately were quite close 
to one another. 

Viscometric measurements.—Viscometric meas- 
urements were made in an Ostwald viscometer of 
1 ml. capacity. Aliquots of extracts and fractions 
which had been equilibrated against buffers for 
purposes of electrophoresis were used also for visco- 
metric measurements. The concentrations of pro- 
tein in the test samples were 1-6 mg. per ml., pre- 
sumably low enough to avoid the anomalous vis- 
cosities which are more likely to appear at high 
concentrations. By carrying out the measurements 
at 1.8°C. and in media which always contained 
0.001 m Na,P.O;, the dissociation of extremely 
viscous actomyosin, which might be formed in cer- 
tain extracts, was assured (18). It was found con- 
venient to make the determinations in the con- 
stant temperature bath of the electrophoresis ap- 
paratus and to observe the meniscuses from the 
electrophoresis camera. 


The viscosity data were first calculated in terms. 


of specific viscosities, as defined elsewhere (11). 
Then, by use of the factor 0.25 per milligram per 
milliliter, which is the specific viscosity of rabbit 
myosin per unit concentration (8), it was possible 
to estimate the amounts of myosin present in dif- 
ferent extracts. It was assumed for these calcula- 
tions that the viscosity of myosin of mouse tissues 
would not differ appreciably from that of myosin of 
rabbit tissues. 

The efficacy of pyrophosphate in minimizing the 
viscosities of muscle extracts was established quan- 
titatively by the following viscometric studies. 
First, an extract of muscle was prepared with buf- 
fered KCl containing no pyrophosphate. After the 
extract had stood for 2 days at 4° C., it was tested 
in the viscometer. Its specific viscosity indicated 
that 63 per cent of the protein nitrogen was repre- 
sented by myosin. When pyrophosphate was added 
to an aliquot of the extract, a slightly lower viscos- 
ity resulted, corresponding to a myosin proportion 
of 56 per cent. Three days later the tests were re- 
peated. It was then observed that the original ex- 
tract had become much more viscous and appeared 
to contain 131 per cent myosin; but, after treat- 
ment with pyrophosphate, a lowered viscosity was 
obtained, which again corresponded to only 55 per 
cent. The results of this experiment were confirmed 
repeatedly. The same findings were observed 





whether the concentration of pyrophosphate was 
0.001 mM or 0.01 mM. Extracts of three other muscle 
preparations showed, in the presence of pyrophos- 
phate, viscosities which corresponded to 57, 61, 
and 68 per cent myosin, respectively. Szent-Gyér- 
gyi and his associates (1, 2, 17, 20) have explained 
the low viscosity of fresh muscle extracts compared 
to that of stored extracts as due to adenyltriphos- 
phate in the former, which promotes the dissociation 
of highly viscous actomyosin into the less viscous 
actin and myosin. Over a period of time, the vis- 
cosity increases due to the decomposition and loss 
of the adenyltriphosphate. The reversibility of the 
change may then be demonstrated by the addition 
of adenyltriphosphate, or of pyrophosphate, as 
shown by Straub (18). 

In contrast to the behavior of muscle extracts, 
tumor extracts were found to show no change in 
viscosity on standing or on addition of pyrophos- 
phate. This suggests a reduced quantity of actin 
in extracts of tumor. The value for the specific vis- 
cosity of tumor extracts corresponded to a propor- 
tion of only 17 per cent myosin. 

The above values for apparent myosin contents 
of normal muscle and of tumor represent upper 
limits, since they are based on an assumption only 
partially justified, namely, that myosin is the only 
viscous substance present in the extracts. The 
presence of appreciable amounts of desoxyribose 
nucleoprotein, for example, is not altogether ex- 
cluded, and, in fact, is particularly likely in the 
tumor extracts (16). 

Preparations of muscle myosin were found to 
possess specific viscosities of 0.24—0.33 per milli- 
gram per milliliter, as obtained for four different 
samples. Two other preparations possessed ex- 
tremely high viscosities, so that’ further studies 
will be required to establish the best conditions for 
obtaining preparations of myosin of minimal vis- 
cosity. Since denatured myosin would be likely to 
possess an abnormally high viscosity, it may be as- 
sumed that the myosin preparations of lowest vis- 
cosities represent material in the most nearly na- 
tive state. The lowest viscosity obtained, namely, 
0.24, agrees well with the value of 0.25 reported for 
myosin obtained from rabbit muscle (8). 

Tumor myosin was found to possess a specific 
viscosity of only 0.133-0.144 per milligram per 
milliliter, as observed for two different prepara- 
tions tested. These values are significantly lower 
than those of normal muscle myosin and suggest 
that molecules of tumor myosin are less asym- 
metric than those of normal muscle. 

Preparations of heavy material from tumor 
possessed specific viscosities of 0.042-0.043 per 
milligram per milliliter, as shown by two samples 
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tested. Particles of heavy material appear, there- 
fore, to be less asymmetric than molecules of either 
muscle or tumor myosins. 

Supernatants from myosin of normal muscle 
showed specific viscosities of only 0.01—0.02 per 
milligram per milliliter. When the specific viscos- 
ities were calculated in terms of amounts of myosin 
present, 1t was found that not more than 4-8 per 
cent of the total myosin of the original extracts re- 
mained in the supernatants. Supernatants from 
myosin of tumor extracts were not studied in the 
viscometer. 

DISCUSSION 

The results of the present study confirm the 
well-recognized importance of using several tests in 
determining the identity or nonidentity of differ- 
ent proteins. For example, the over-all solubility 
characteristics of the myosins of tumor and of 
muscle suggested their possible exact identity, yet 
their differing electrophoretic mobilities and spe- 
cific viscosities demonstrate that they are not 
identical. In another case, the similar mobilities of 
the myosin from tumor and the heavy fraction 
from tumor might have pointed toward their iden- 
tity, were 1t not that their contents of ribose nu- 
cleic acid were totally different (16) and that their 
specific viscosities also differed markedly. Finally, 
the mobilities of the a and B components of the 
tumor appeared the same as those of the B and C 
components, respectively, of normal muscle when 
the tests were made in 0.5 m buffered KCl; but, 
first, the nonidentity of the 8 and C components 
was proved by the fact that only the latter was 
found to represent myosin; and, secondly, when 
electrophoretic tests were made in 0.1 N veronal 
buffer, the a component of tumor was found to rep- 
resent a composite of at least three species, only 
the slowest of which, the a; component, agreed in 
mobility with one of the muscle components, 
namely, the A component. 

It appears that no certain evidence has yet been 
obtained for the identity of any of the proteins of 
rhabdomyosarcoma with those of normal muscle. 
There are several reasons which might account for 
such a finding. In the first place, previous investi- 
gators have isolated from normal muscle by chemi- 
cal procedures many more components than have 
been detected electrophoretically in the present 
study. Some of these substances may be present in 
such small amounts that they do not show up elec- 
trophoretically, when included in a common ex- 
tract. For example, it is known that certain en- 
zymes may be lacking in tumors or may be present 
in such reduced amounts that they would escape 
electrophoretic detection (7). It is also probable 
that, in some instances, what have been referred 


to as major electrophoretic components actually 
represent groups of substances having the same or 
nearly the same mobilities, as was initially the 
case with myosin and the “heavy” material of the 
rhabdomyosarcoma. On this basis, the possibility 
of the identity of some of the components in mus- 
cle and tumor has not been excluded. 

Secondly, an apparent lack of identify of cer- 
tain homologous components of the tumor and of 
normal adult muscle may be accounted for by dif- 
ferences in the degree of differentiation of the tis- 
sues. It has already been pointed out (16) that the 
cells of the tumor differ from those of adult muscle 
in their nucleo-cytoplasmic ratio and in the lesser 
and actually varying degree of differentiation of 
the cytoplasm. It is not inconceivable that the 
three a components found in the tumor extracts 
represent different forms of a single protein, which 
could correspond to the A component of normal 
muscle, although further analysis would be neces- 
sary to show whether or not this is the case. The 
myosin fractions are another case in point. The 
relatively low quantity of myosin-like substance 
in the tumor is comparable to the low myosin con- 
tent found by Herrmann and Nicholasin embryonic 
muscle in the rat (9) and analogous to the low yield 
of collagen obtained from fibrosarcoma, as com- 
pared with differentiated connective tissue in the 
rat (5). While, in the present study, the myosins 
from the tumor and normal muscle were similar in 
general solubilities, they were found to differ (@) in 
their electrophoretic mobilities and (b) in their 
specific viscosities. Whether these differences will 
be found to correspond to the characteristics of the 
myosin sub-fractions obtained by Herrmann and 
Nicholas, which were found to change in the pro- 
portion of their occurrence during embryonic de- 
velopment, will remain to be seen. 

The presence of a more conspicuous quantity of 
“heavy material’’ in the tumor than in the adult 
muscle is of interest. The relatively large amount of 
desoxyribosenucleoprotein obtained in second and 
subsequent extracts of the rhabodmyosarcoma re- 
flect the high nucleo-cytoplasmic ratio of the tu- 
mor. As to the ribose-containing material separat- 
ed after the first extraction, it should be pointed 
out that, with the speed of centrifugation used 
here (8,000 g), this comprises mainly the large 
cytoplasmic granules, while the microsomes, in all 
probability, remain in the supernatant fluid. Anal- 
ysis with the ultracentrifuge will reveal whether or 
not this is the case. 

The comparison of electrophoretic patterns of 
crude extracts and myosin fractions of mouse mus- 
cle, described in the present paper, with corre- 
sponding patterns obtained by other investigators 
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for preparations of muscle of other species (3, 6, 
10) merits a separate study. 


SUMMARY 


Exploratory electrophoretic and viscometric 
studies have been made of extracts of rhabdomyo- 
sarcoma and normal muscle of the mouse and of 
certain fractions obtained therefrom. 

Electrophoretic measurements revealed seven 
major components in the tumor extracts and three 
major components in the muscle extracts. Mobility 
data indicated that none, except possibly one, of 
the major components of tumor is identical with 
any of those of normal muscle. Myosin prepara- 
tions isolated from each type of tissue also differed 
in their mobilities. The possibility that some of the 
major components revealed by electrophoresis may 
represent groups of components was pointed out, 
and its significance was discussed. 

The ribose-containing heavy material obtained 
from tumor tissue by centrifugation at 8,000 g 
was studied electrophoretically and found to be 
quite homogeneous. 

Viscometric studies of the myosin of tumor and 
of muscle revealed that the former was significant- 
ly less viscous than the latter. The ribose-contain- 
ing heavy material was found to be still less vis- 
cous. These results were interpreted to indicate 
that molecules of tumor myosin were less asym- 
metric than those of normal muscle myosin, while 
particles of heavy material were still less asym- 
metric. 
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The Distribution of Radioactive Iodine in Mice with 


and without Tumor 1509la after Injection of 
Radioactive Sodium Iodide” 


CHar.eEs D. Stevens, Po.D., Mary ANN MEINKEN, B.A.., 
Patricia M. Quintin, A.B., AND Paut H. Srewarrt, B.Sc. 


(From the Gastric Laboratory, Department of Internal Medicine, and the Department of Biological Chemistry, 
College of Medicine, University of Cincinnati, Cincinnati 19, Ohio) 


In studying the distribution of radioactivity in 
animals after administration of organic compounds 
labeled with radioactive iodine (1, 5, 7), it is useful 
to know for comparison the distribution of admin- 
istered inorganic iodide. This distribution is also 
of interest in the study of iodine metabolism. In- 
vestigations reviewed by Lerman (2) and others 
(6) indicate that the thyroid gland is affected by 
extra-thyroid cancers as shown by measurement of 
the metabolic rate in man and by histological ex- 
amination of the thyroid in animals. That the 
metabolism of I'*! is altered in mice with cancer Is 
also suggested by recent work with labeled thyro- 
globulin (4). We found that the distribution of ad- 
ministered iodide labeled with I'*! in rats was al- 
tered by the presence of Walker tumor 256 (8). 
Somewhat different alterations found in mice with 
the mammary carcinoma, 15091a, are described in 
this report. 

EXPERIMENTAL 

The analytical methods used were similar to 
those described previously (8). To indicate the re- 
liability of these methods in the present work, a 
mouse was given by tail vein 37.9 ug. of iodine as 
sodium iodide labeled with 6.4 we.! of I'*! and was 
killed 15 minutes later. A total of 93 per cent of the 
injected iodine was accounted for by measurement 
of the radioactivities of the nineteen parts into 
which the animal was divided. 

Three principal experiments were carried out, 
using, altogether, 206 mice. While in this labora- 

* This investigation was aided by grants from the National 
Cancer Institute (U.S. Public Health Service) and the Damon 
Runyon Memorial Fund. The radioactive iodine used in this 
investigation was supplied by the Clinton Laboratories, Oak 


Ridge, and obtained under allocation from the U.S. Atomic 
Energy Commission. 


! All absolute values for radioactivity are based upon in- 
formation furnished by the Clinton Laboratories and not upon 
measurements made in this laboratory. 
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tory they were fed Purina Fox Chow and tap water 
ad lib. In the first experiment, labeled iodide was 
given intravenously to 56 young male ABC mice; 
of these, tumor 15091la? had been implanted into 
28, 11-16 days previously. The control and tumor 
mice were grouped and paired according to size 
and were injected alternately. The mice were 
killed by severing their neck vessels, either 45 min- 
utes or 25 hours after injection. The tissues were 
weighed immediately, and their radioactivities 
were measured as before (8). The thyroids were not 
dissected from the tracheas, but that portion of 
each trachea immediately below the larynx was 
removed with the attached thyroid, minced, and 
air-dried in the center of a cover glass. One-tenth- 
ml. aliquots of blood were pipetted directly onto 
cover glasses. Sufficient counts were taken with 
most aliquots to reduce the standard errors of the 
counting rates below +7 per cent. 

The distribution of the injected I'*' differed sig- 
nificantly between the control and the tumor mice 
for both their thyroids and their spleens but not 
for the other tissues examined (Table 1). These 
differences were found both in mice killed at 45 
minutes and in those killed at 25 hours after iodide 
injection, and both in mice which received the 
large quantity and in those which received the 
small quantity of iodide. The thyroids of the tumor 
mice contained less ['*' than did those of the con- 
trols. The spleens of the tumor mice, in all but four 
instances, contained higher concentrations of [*! 
than did those of their controls—generally higher 
than the concentrations present in the blood. The 
tumor mice had enlarged spleens, but no consist- 
ent relation was observed among the individual 
mice between the degree of enlargement and the 
concentration of I'*! in the spleens. The livers and 
kidneys of the tumor mice were also enlarged, 


2 Obtained from the Roscoe B. Jackson Memorial Labora- 
tory. 








TABLE 1 
THE ORGAN WEIGHTS AND THE CONCENTRATIONS OF INJECTED IODINE IN THE TISSUES OF 27 ABC MICE, 
13. EACH WITH TWO SUBCUTANEOUS IMPLANTS OF TUMOR 1509la AND 14 CONTROLS 


These mice were killed 45 minutes after intravenous injection of 0.015 cc. of sodium iodide solution labeled with 0.4 ue. of [131 
per gram of body weight. The values given are averages, except those for the spleens which are given individually, descending in 
the column in order of increasing body weight of the paired tumor and control mice. 


TISSUES MICE WITH TUMOR CONTROL MICE WITH TUMOR CONTROL 


Body weight at the time of the injections 
17.0 gm. 15.9 gm. 15.8 gm. 15.5 gm. 


Amount of iodine injected per gram of body weight 


1.45 myg 1.39 myg 1.24 pg 1.22 ug 
Injected Injected Injected Injected 
iodine Fresh wt. iodine Fresh wt. iodine Fresh wt. iodine Fresh wt. 
per gm. of organs per gm. of organs per gm. of organs per gm. of organs 
(mug) (mg.) (mug) (mg.) (ug) (mg.) (ug) (mg.) 
Blood 2.3 2.1 1.10 1.39 
Spleen 4.8 260 1.8 59 5.3 138 0.87 D4 
10.7 85 ey 38 4.4 98 0.60 40 
15.2 76 1 .S 70 2.9 173 0.45 79 
4.0 166 1.0 42 5.2 171 1.0 47 
4.2 142 1.5 42 4.5 175 4.6 39 
4.0 230 10.0 87 >.o 122 0.94 75 
1.7 290 1.5 46 1.4 38 
Liver 0.76 850 0.77 960 0.71 810 0.57 970 
Kidneys 1.12 250 1.09 230 0.97 230 0.85 215 
Lungs 1.8 106 1.5 104 1.2 115 1.0 112 
Heart 1.2 76 0.74 66 0.84 58 1.1 56 
Leg muscle 0.40 0.43 0.33 0.32 
Stomach 7.0 69 5.1 58 4.5 63 5.5 52 
Forestomach ..F 27 2.9 24 Be 23 1.6 23 
Testes 0.65 105 0.58 125 0.60 83 0.53 134 
Small tumor 1.16 1,250 0.91 1,210 
Large tumor 0.94 1,950 0.84 1,500 
Thyroid (total 0.22 0:46 0.02 0.07 


per gland) 


TABLE 2 
THE AVERAGE CONCENTRATIONS OF INJECTED IODINE IN TISSUES 


60 CFW male mice killed 45 minutes after intravenous injection of 0.014 cc. of sodium iodide solution la- 
beled with 0.6 to 0.05 ue of I'*!, per gram of body weight. The column of average values includes data obtained 
on the 25 mice (three groups) which received 0.1 cc. instead of the 0.5 ec. of vaccine or phenol injected into the 
mice in the three groups listed below. One mouse from each of the seven groups was killed at either 4, 7, 9, 12, 
14, 16, 17 or 18 days, respectively, after injection of the vaccine or phenol. 


MATERIALS INJECTED INTRAVENOUSLY 4-18 DAYS EARLIER 


Triple typhoid Typhoid com- 0.45 per cent Not Average 
vaccine bined vaccine phenol injected values 
Number of mice 9 9 7 +10 60 (total) 
Average body weight, gm. 22.4 22.9 21.8 24.0 22.4 
Spleen weight in per cent of body 1.16 1.40 1.28 1.25 1.21 
weight 
myg of added iodine injected per 1.37 1.31 1.35 1.34 1.34 
gram of body weight 
TISSUES myg of Added Iodine Found per Gram of Fresh Tissue 
Serum 2.01 1.78 1.97 2.51 2.02 
Spleen 0.76 0.73 0.74 0.70 0.75 
Liver 0.63 0.63 0.57 0.65 0.66 
Kidneys 1.20 1.29 1.35 1.39 1.30 
Lungs 1. 26 1.15 1.11 1.28 1.20 
Heart 0.54 0.52 0.56 0.59 0.54 
Leg muscle 0.36 0.26 0.27 0.33 0.31 
Stomach 6.7 7.2 5.6 7.3 6.6 
Forestomach 2.3 2.1 1.8 2.8 2.3 
Testes 0.63 0.47 0.52 0.51 0.50 
Ear pinna 0.96 0.86 0.94 0.98 0.93 


Thyroid (total per gland) 0.60 0.77 
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though less markedly. At 25 hours after injection 
of iodide. the concentrations of I'*' in the tissues 
other than the thyroid were 5-10 per cent of those 
present at 45 minutes after injection. 

A second experiment was planned to learn if the 
production of splenic enlargement in some other 
way would result in altered distribution of injected 


0.45 per cent phenol; one group was left uninject- 


ed. Four to 18 days later they were injected with 


labeled iodide, and 45 minutes later they were 


killed by bleeding from the heart during ether 


anesthesia. In this and in later experiments, serum 
was used instead of blood. In measuring radioac- 
tivity, sufficient counts were taken with most of 


Bupper end of solid bar indicates concentration in tumor mouse, lower end indicates 


concentration in paired control mouse. 


[ |Upper end of open bar indicates concentration in control mouse, lower end indicates 


concentration in paired fumor mouse. 
* Spontaneous tumor, not 1509/1 a 
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DAYS BETWEEN TUMOR IMPLANTATION AND KILLING 


Fic. 1.—The concentrations of injected iodine found in the 
sera and tumors and the total quantities of injected iodine 
found in the thyroid glands of the 58 male and 20 female ABC 
mice in the third experiment. Each mouse received 48 mug. of 


iodine. At this time the supply of ABC mice was 
cut off by the fire at the Jackson Memorial Labo- 
ratory. Sixty mice of the CFW strain were there- 
fore used. They were divided into seven groups, 
six of which received intravenously either triple 
typhoid vaccine,* typhoid combined vaccine,* or 


_* The triple typhoid vaccine (Lederle) was stated to con- 
tain 100,000,000 bacteria per cubic centimeter in 0.45 per cent 
Phenol. The typhoid combined vaccine (Lederle) was stated to 
contain 2,000,000,000 bacteria per cubic centimeter in 0.45 per 
cent phenol. 


added inert iodine in 0.011 ec. of solution labeled with 0.25 
to 0.11 ye. of I'*! per gram of body weight and was killed 45 
minutes later. 


the aliquots to reduce the standard errors of the 
counting rates below +3 per cent. 

The distribution of I‘*! did not differ notably 
among the seven groups of mice (Table 2). En- 
largement of the spleen was present in all the mice, 
including the controls, but in no spleens was the 
administered I}! present in a concentration of 
more than 63 per ecnt of the concentration in the 
serum, and the average proportion was 39 per 
cent. 
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Ina third group of experiments, again with ABC 
mice, certain parts of the first experiment were re- 
peated. The mice, 280° 90 days old, were bred here 
from A mice and C37 black muice.! Six males were in- 
jected intramuscularly, 16-29 days after tumor in, 
plantation, with labeled iodide (48 mug. of added 
inert todine in 0.0L ce. of solution per gram of body 
weight). They were killed 45 minutes liter. Six 

+ 9) 
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B Upper end of solid bar indicates ratio of tumor mouse, lower end 
indicates ratio of paired control mouse. 


UO Upper end of open bar indicates ratio of control mouse, lower end . 
* Spontaneous tumor, not |509/la 
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indicates ratio of paired tumor mouse. 


control mice. Phe thyroid) ghinds of the tumor 
mice contained proportionately less ES!) as com. 
pared with their serum ESS concentrations, than 
did those of the controls, in four of the six pairs of 
muce, Phe distribution of ET’ among the other tis. 
sues Was sitilar in tumor and control mice, The 
spleens of the tumor mice were enlarged as were, 
less markedly, their livers and kidneys. 
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DAYS BETWEEN TUMOR IMPLANTATION AND KILLING 


Fic. 2. The ratios of tissue T' concentration to serum ['! 
concentration for the spleens, thymus glands, and injection 


control mice (one with a spontaneous tumor) were 
similarly treated. This time, the thyroid glands 
and tracheas were also suspended in 1 per cent 
sodium hydroxide to give a 1-20 dilution and were 
treated like the other tissues.® Five of the six tumor 
mice had higher ratios of spleen [*' concentration 
to serum [' concentration than did the paired 


‘Both strains were kindly supplied by Dr. Leonell C. 
Strong. 


sites (hind leg) of the 58 male and 20 female ABC mice in 
the third experiment. 


A larger series of animals was used next—od 
male and 20 female ABC mice; the tumor was 1m- 
planted subcutaneously in half of them, with the 
other half serving as controls. They were injected 
with iodide and killed 6-30 days after tumor im- 
plantation. Certain parts of the body, including 

> Dr. Earl R. Miller of the University of California kindly 
suggested this change in technic to prevent excessive loss of 
beta rays through self-absorption in the dried tissue. 
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the entire hind leg into whieh todide had been 
injected, were removed for measurement of EM. 
Aliquot - until the standard 
errors ol the counting rates were less than +3 


were Theastred 
per Corl 

The findings are presented in Figures t, 2 and 3. 
The spleens of the male tumor mice and the con 
trol mice contaimed lower concentrations of T! 
than did their sera, However, nine of the ten fe 
males with tumors had higher concentrations of 
[tin their spleens Chan in their sera, although the 
concentrations of ES Sin the spleens of the control 
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Lod 


females were normal Phe thyroid glands of the 
tumor mice, both male and female, contained less 
U'' than did those of the controls, with few exeep- 
tions. Phe thymus glands of the tumor animals, in 
24 of the SO pairs of mice, contamed higher pro- 
portions of E' compared to the serum concentra 
lions of P' than did the thymus glands of the con- 
trols. The thymus glands were generally smatler in 
the tumor mice than in the control mice, Concen- 
trations of Poin the serum: and at the site of in- 
jection did not differ noticeably between the tumor 
and the control mice, 


Upper end of solid bar indicates value for the tumor mouse, lower end indicates value 


for the paired control mouse. 


[ ] Upper end of open bar indicates value for the control mouse, lower end indicates value 


for the paired tumor mouse. 
* Spontaneous tumor, not l509la 


Tt Sickly control mouse 
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Fic. 3..-Body weights and fresh weights of the tumors, | ABC mice in the third experiment. 


spleens, and thymus glands of the 58 male and 20 female 
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DISCUSSION 

The ditferences ino the distribution of the in- 
jected iodine among the tissues of tumor mice and 
the control nnce were definite in the thyroid and 
the spleen. Unlike our findings in rats (8), the dif- 
ference in the TS content of the thyroids was not 
obviously related to any ditference in the concen- 
trations of TS bin the blood sera of the tumor mice 
and the control mice. In the two mice with spon 
taneous tumors, the quantities of ES! in their thy- 
roids exceeded those found in the control mice. 
The tumors of these two mice were among the 
least necrotic of those seen in the entire group of 
206 mice. How much of the difference in ES con- 
tent of the thyroids was due to differences in the 
size of the thyroids of the tumor mice and the con- 
trol mice was not ascertamed. The ditference in 
the TSS concentrations of the spleens of tumor and 
control mice was inconstant in its occurrence. It 
was suggested (by Dr. Paul S. Nicholes of the Unai- 
versity of Utah) that part of the T'S! was occasion- 
ally attached, before injection, to some material 
which the spleens of tumor animals removed from 
the blood. Ditferences in the organ weights of 
tumor and control mice, similar to those found by 
others (6), were observed. 

Several other features in the distribution of [T'S 
among the tissues are of interest. According to 
studies of larger animals (8, 9, 10) this distribution 
may be largely contined to the extracellular fhuid 
and so will presumably resemble that of chloride in 
most tissues. At present it is ditheult to deseribe 
the recirculation of absorbed todine through the 
extracellular thud and other compartments of the 
various tissues from the limited data available. 
The absorption of the injected U'' was large- 
ly completed in 45 minutes, as demonstrated by 
the relatively low concentrations found in the in- 
jection site. Obvious exceptions to a chloride-like 
distribution of the absorbed T8' were in the thy- 
roid and in the stomach. The concentrations of ['’! 
in tissues other than the thyroid decreased con- 
comitantly. Selective retention of [S' beyond the 
quantities presumed to be in the extracellular fhuid 
was Observed with certainty only in the thyroid 
and, oceasionally, in the spleen. These findings 
were true of both the large and the small quantities 
of iodide. Similar but more rapid elimination of 
I'*' from tissues other than the intestine was ob- 
served by Seligman ef al. (5), who used larger quan- 
tities of iodide than were employed here. They 
gave approximately 21 ug. of iodine per gram of 
mouse; we gave quantities ranging from 0.0013 to 
1.3 wg. per gram. For comparison, it may be esti- 
mated that 0.01 ug. of iodide is usually present per 
gram of serum or extracellular fluid. Whether the 
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quantity of tnjeeted iodide was more or less than 
this made littl: difference in the relative propor. 
lions of TSS among the various extra-thyroid: tis. 
SUS. 

The concentration of TE oan tissue, cotnpared 
with that in serum, differed tn mice and rats (8) 
In several instances: Mice had higher proportions 
of PS in their thymus ghinds and lower proportions 
In their livers and ear pinnae. ‘Phe tumors con- 
tained, on the average, #0590 per cent as high a 
concentration of TS’ & as occurred in the blood ser. 
um, thus resembling, mn this respect, Walker tumor 
256 in rats (8S). Tn general, the concentrations of 
PStin the tumors exceeded those in the leg musele, 
testes, and liver: equaled those mi the heart and 
spleen (except as already discussed): and were 
lower than those im the serum, blood, kidneys, 
lungs, thymus, stomach, forestomach, and thy- 
roid. 

SUMMARY 

Measurements were made of the distribution of 
ISU among the tissues of 206 mice killed either 45 
munutes or 25 hours after igection of labeled sodi- 
um iodide in quantities varying from 0.0018 to 1.3 
ug. of iodine per gram of mouse. Smatler quantities 
of TS were found in the thyroid glands of mice 
with implants of tumor 1509la than in the thy- 
roids of control nice, although the concentrations 
of TS" in their blood were similar. Tigher concen- 
trations of ES° were found in the spleens of tumor 
mice than in their blood, on some occasions. ‘The 
explanation for this is uncertain. Splenic enlarge- 
ment in mice without tumors was not a sufficient 
cause for such concentration of T!. Compared to 
the concentrations of TS! in the sera, the livers and 
ear pinnae of mice contained lower concentrations 
of E'8') and their thymus glands contained higher 
concentrations than did the corresponding tissues 
in rats. Otherwise, the distribution of the injected 
iodide was similar in mice and rats. 
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Influence of Age of Host and Ovaries on Tumorigenesis 


In Intrasplenic and Intrapancreatic Ovarian Crafts"! 


Min Hsin Li, Pu.D..f anp W. U. Garpner, Pu.D. 


(From the Department of Anatomy, Yale University School of Medicine) 


The formation of tumors in intrasplenic ovarian 
grafts in castrated hosts has been observed re- 
peatedly in rats (1, 10) and mice (2, 7, 8, 9). In all 
the studies undertaken up to this time both young 
hosts and donors were used: in fact, autologous 
grafts have been made in most of the experiments. 

The theory has been proposed that ovarian 
tumorigenesis occurs in the intrasplenie and intra- 
pancreatic grafts in castrated animals because of 
the existing hormone imbalance due to a decreased 
systemic level of estrogen and an increased level of 
gonadotrophin (3, 7). Similar conditions might oe- 
cur in old animals whose ovaries have lost most of 
their capacity to produce hormones. It is known, 
for example, that urinary gonadotrophins increase 
subsequent to the menopause. Under such condi- 
tions, why do not granulosa cell tumors occur more 
frequently, if the above theory is correct? Two 
possibilities present themselves: (@) The ovaries of 
old animals may be refractory to stimulation by 
even augmented amounts of gonadotrophin or (b) 
the level of gonadotrophin may be inadequate in 
quality or quantity. The former assumption 
seemed more likely, so experiments were designed 
to investigate this hypothesis. 


MATERIALS AND METHODS 


Male and female mice of the A, C57, and CBA 
strains were used.' They were maintained through- 
out life on Purina Fox Chow and water and in an 
air-conditioned room. Four groups of experiments 
were undertaken. 

Group 1.—Ten mice were castrated when 8-14 
days of age, and an ovary from a donor (17-34 

* This investigation has been supported by grants from the 
Anna Fuller Fund, the Jane Coffin Childs Memorial Fund for 
Medical Research, and the United States Public Health Serv- 
ice. 

+ Presented at the Fortieth Annual Meeting of the Ameri- 
can Association for Cancer Research, Inc., Detroit, Michigan, 
May 16-17, 1949. 

t Anna Fuller Fund Fellow. Present address, Department of 
Physiology, Peiping Union Medical College, Peiping, China. 

| These mice were derived from animals furnished from the 
colony of Dr. L. C. Strong. 
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days old) of the same strain was transplanted into 
the spleen when the hosts were $82.49 days old 
(Table 1). 

Group 2. Eighteen mice were castrated when 
204-370 days old. Ovaries from mice 204 370 days 
old were unplanted into the spleens Immediately 
after removal of the gonads. Autologous grafts 
were made in the females (Table 2). 

Group 8. Ovaries from old donors (340-407 
days) were transplanted into the spleens of six 
mice, from 5-4 to 105 days of age, and immediately 
subsequent to castration (Table 3). 

Group 4.— Four mice of the C57 strain were cas- 
trated when 55 days old, and ovaries from donors 
409-91 days old were implanted into the pancreas 
(Table 4). 

All operations were undertaken without at- 
tempts to maintain asepsis but with care to pre- 
vent undue infection. Usually 5-15 minutes elapsed 
between removal of the ovary and its implanta- 
tion. The ovaries were invariably traumatized dur- 
ing the procedure. 

The mice were examined several times each 
week and were removed from the experiment only 
when large tumors were palpable or, with the ex- 
ception of the animals in the first group, when their 
condition indicated impending death. At autopsy 
the following tissues were examined: mammary 
glands, ovarian graft, adrenal glands, pituitary 
gland, salivary glands, and the acessory genital 
organs. The presence or absence of adhesions of the 
grafts to the body wall or adjacent viscera was de- 
termined. The grafts, adrenal glands, and genital 
tissues were fixed in Bouin’s fluid and after sec- 
tioning at 7 were stained in hematoxylin and 
triosin. 

OBSERVATIONS 

Tumors in intrasplenic ovarian grafts in mice 
castrated before puberty —The mice were killed af- 
ter they had carried the grafts from 180 to 187 
days (Table 1). Only four of the ten mice had 
lesions considered, from histological examination, 
to be tumorous. Two of the nontumorous grafts 
were adherent to the body wall. 
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The amorous grafts were small and histologi- | were adherent to the body wall and because two of 
cally not unlike those described previously (8,9). the hosts survived less than six months subsequent 
\ few follicles and hemorrhagic cysts were found — to intrasplenie implantation of the ovaries, the 
in portions of the tumorous grafts. Luteimized — total number of satisfactory experiments was only 
atretic follicles, hemorrhagic folheles, and a few — ten. The average age of the four transplants that 
small and medium-sized ovarian follicles made up were tumorous was 299 days, and the average of 
most of the nontumorous grafts. Ingrowth of the — the six nontumorous transplants, not excluded as 
germina epithelium was present in-all the grafts | mentioned above, was 280 days. 


TABLE 1 


TUMORS IN ENTRASPLENEC OVARTAN GRAFTS IN MICE CASTRATED BEFORE PUBERTY 
Age at Age of Aue of 
Nutmber castra Aye at Age of yraft at host al Uterine 
ate tion erat ting donor nulopay nulopsy weight 
strain Sex (days) (days) (days) (dave) (days) Ovarian tumors (mage.) 
1A cy" : 49) 26 Is0 280 yet 6X8X8.5 mm. 
2A ‘eh is 49 26 180 280 get SX 5X6 mm. 
8 (57 O S S4 Sh Is 219 None 
b 97 Y Ss $2 $2 187 219 None HM) 
+b C57 \ S $2 $2 187 210 Adhesion 110 
G C57 Y S nid $4 187 219 Mixed tumor 28 
267 min. 
7 A \ 12 47 26 180 227 None $+ 
SA Y 14 40) 26 I8Y rs be 4 Mixed tumor $4 
(about 5 mim.) 
My A Y 1-4 +) 26 Is VIL Adhesion $7 
lo A ? 11 $4) 17 182 221 Luteoma os 
(about 3 mm.) 
‘yet granulosa cell tumor, 
TABLE 2 
TUMORS IN ENTRASPLENIC OVARIAN GRAFTS IN MICE CASTRATED AT 204-870 DAYS OF AGE 
Age al 
castration Age of Age of 
Number and Age of graft at host at Wt. of 
and gral tinge donor autopsy autopsy uterus Ovarian 
strain Sex (days) (days) (days) (days) (ang) tumors Other tumors 
QCBA ? 204 20-4 837 441 260. None 
lI CBA ? 204 204 428 G32 288 8 None Adenoma of adrenal 
Mammary tumor 
IT CBA 9? 204 204 18s 387 59 Adhesion Mammary tumor 
2E CBA Q 205 205 Q85 489 58.2 get* 
2 CBA 9 204 204 428 O25 182.5 Adhesion 
25 CBA Y 209 209 $71 580 1G None 
26 CBA ? 209 209 $12 G21 146.8 Adhesion 
lO CBA fet 204 2()4 931 44 Adhesion 
lt CBA es 204 204 237 441 None Hepatoma 
16 CBA o" 204 204 £28 632 Adhesion 
22 CBA oo" 205 205 252 457 get 
ISA Q 266 266 274 540 got 
IS A ? 369 369 226 O95 28 None Lung adenoma 
24 A ? $10 310 97 407 30. None 
IQ A ot 286 369 355 565 get 
30 A et 268 $46 192 460 None 
SILA fot $70 $40 160 520 None 
* Granulosa cell tumor, 
except the two that were adherent to the body The granulosa cell tumors were not unlike those 
wall. described previously (8, 9). They were composed 


The seminal vesicles of all the male hosts were predominantly of massive and trabecular arrange- 
atrophic. The uteri of all mice without parietal ments of granulosa cells. Normal follicles were 
adhesions were atrophic. lacking in these grafts. Cells laden with lipoid and 

Ovarian grafts in adult mice-—Only four of the vacuolated cells were found in portions of most 
seventeen mice, which were 204-307 days old when tumors. The nontumorous grafts consisted funda- 
they were castrated and when the intrasplenic mentally of an ingrowth of cells from the germinal 
OVarian grafts were made, had granulosa cell tu- epithelium and of stroma. 
mors (Table 2). Because five of the transplants The uteri of several of the mice were quite large. 
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The utert of untreated ovariectomized mice rarely areas of hemangiomatous tissue were present in all 
weighed more than 40 mg. Those animals with — of them. Spicules of bone were found in one. 'The 
adhesions usually had hypertrophic uteri (see 28° tLumorous areas were composed of masses of trabec- 
CBA and 26 CBA in Table 2). One mouse with a ular or follicular arrangements of granulosa cells. 
large uterus (LL CBA) had a small adenoma of the | Ingrowths of the germinal epithelium were slight, 
adrenal cortex. Such tumors produce substances but such observations are not uncommon in the 
that stimulate the female genital tissues (4, 11). larger tumors. 

Another mouse (9 CBA) had no adrenal lesions of All the four castrated mice of the C57 strain that 
the hypertrophic type, and, apparently, adhesions — had ovaries from donors 409-91 days old, trans- 
to the parictes were lacking. The graft was adher-— planted: intrapancreatically when they were 55 
ent to the pancreas and mesenteries. Venous drain- — days old, had liteomas or granulosa cell tumors 
age may have been established through the meso- when they were 320°69 days old (‘Table 4). The 
metrium, although adhesions to this area were not tumors were not unlike those deseribed previously 
noted at necropsy. (8, 9). 


TABLE 3 


TUMORS IN IN'TRASPLENIC OVARIAN GRAFTS IN YOUNG CASTRATED MICE 
BEARING OVARIES FROM OLD MICE 


Age at 

Number castration Age of Age of Age of host 

and and grafting donor wraft at autopsy 

strain Sex (days) (days) (days) (days) Ovarian tumor 
27 A eh 54 407 $08 $67 get* 16X 10.5 mim. 
28 A oO 5+ 407 337 Sol get ISX 16 mim. 
20 A oO 54 S46 S87 441 get SX5X+4 mm. 
$2 A oO" 105 $40 SSS 498 get LOXSX7 mim. 
S4 A oO" 10S $70 SSS 498 Adhesion 
883 C37 a" 55 $75 152 207 None 


* Granulosa cell tumor, 


TABLE 4 


OVARIES FROM OLD MICE OF THE C37 STRAIN TRANSPLANTED INTO THE PANCREAS 
OF YOUNG CASTRATED MICE OF THE SAME STRAIN 


Age of Age of Age of 
host at Age of host at wraft at 
operation donor death death Ovarian tumor 
No, Sex (days) (days) (days) (days) 
$4 S 55 491 869 $18 Luteoma 
$5 rel 35 £09 320 265 get* 21.1 X14 mm. 
36 eh 55 409 820 265 get 21X14 mim. 
37 . 55 £09 869 318 Mixed? 10X10.4 mm. 
* Granulosa cell tumor. 
+ Mixed—vgranulosa cell tumor and luteoma. 
Two of the female mice of the CBA strain had DISCUSSION 
mammary adenocarcinomas. Such tumors are not Old ovaries, transplanted intrasplenically or 


uncommon among untr ‘ated multiparous females intrapancer vatically into young ‘astrated mice, 
or estrogen-treated mice of this strain and in this gave origin to tumors with about the same incl- 
laboratory. dence as did young ovaries, transplanted into 
Old ovaries transplanted into young hosts.—Six young hosts. The number of observations 1s too 
mice were castrated when 54-105 days of age, and _ limited to determine whether or not the incidence 
ovaries from mice 340-407 days old were trans- of tumors would be lower when old ovaries are 
planted into their spleens. Four of the hosts sur- transplanted but indicate that the difference is not 
vived more than 180 days and had no adhesions to great. The old ovary is apparently as susceptible, 
the parietal peritoneum (Table 3). The average age — or as nearly so, as is the younger ovary, when both 
of the four mice bearing the granulosa cell tumors are in the young environment. 
were 423 days, and the ovaries were, on the aver- A satisfactory experiment cannot be attained 
age, 729 days old. when old ovaries are transplanted into aged (400- 
The tumors were somewhat different than those 500 days old) animals, because of the restricted sur- 
arising in younger ovaries. Areas of necrosis or vival of the older hosts. However, when castrated 











Lt AND GARDNER 


mice from 200 to 3800 days of age received trans- 
plants from donors of a similar age, the incidence 
of granulosa cell tumors was low — four of ten mice 
had tumors at death, whereas eight of ten young 
mice bearing old ovaries had tumors in the trans- 
plants. 

The hormonal environment of old and largely 
anovular ovaries In aged mice is not compatible 
with the origin of many spontaneous, granulosa 
cell tumors, as these tumors rarely occur (5). Ocea- 
sionally an old mouse will have ovaries showing 
ingrowths of the germinal epithelium: similar to 
those seen in the pretumorous stages in the in- 
trasplenic ovarian transplants in castrated hosts. 
Whether or not these might become tumorous if 
the animals had survived for a longer period is 
problematic. ‘To account for the failure of tumors 
in the old, intact ovaries, it must be assumed that, 
should the hypothesis be correct as stated in the 
introduction, the production of the gonadotrophic 
hormone must be quantitatively or qualitatively 
inadequate. ‘This assumption is compatible with 
the observations in the present experiments. Both 
the observations on the experiments deseribed 
above and the assumed reason for the rarity of 
spontaneous Ovarian tumors indicate that age 
changes in the pituitary coincide with age changes 
in the ovaries. 

The low ineidence of ovarian tumors in the mice 
that were castrated when very young and in those 
that received intrasplenic transplants several 
weeks later (five of eight mice without adhesions) 
differs from that observed in many mice that were 
astrated and that received transplants of ovaries 
on the same day; but all the mice were killed when 
the grafts were no older than 232 days. In an 
‘arlier study (9), 21 of 22 mice with intrasplenic 
ovarian transplants had tumors when the grafts 
were 278 days old. 


SUMMARY AND CONCLUSIONS 
Five of eight mice that were castrated when 8 
14 days of age and that received intrasplenic trans- 
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plants of ovaries when 82-49 days of age had 
ovarian tumors when the grafts were 219-30 days 
old. 

Four ovarian tumors appeared in intrasplenie or 
Intrapancreatic transplants of ovaries from = ten 
mice that were 204 70 days old when the ovaries 
were transplanted intrasplenically into castrated 
hosts of a similar age; in these the grafts were not 
adherent to the parictes. 

Might ovarian tumors appeared in intrasplenic 
or intrapancreatic grafts of ovaries from mice 340 
491 days of age when they were transplanted into 
mice from 54 to 105 days of age. 

Old ovaries are susceptible to tumorigenesis 
when in the proper environment and apparently as 
responsive as are the ovaries of younger animals. 
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Anti-leukemic Assays on Certain Pyrimidines, Purines, 
Benzimidazoles, and Related Compounds" 
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PrapistH C. Epwarps, Pu.D., Cart EF. Bryan, Pu.D., Outvia S. Hurcuison, B.S.. 
Juanita B. CuapmMan, A.B., AND Marre ia BELL, B.S. 


(From the Organic and Biochemistry Division, Southern Research Institute, Birmingham, Alabama) 


Much of the fundamental biochemical effort in 
the cancer field has been directed toward gaining 
a better understanding of the role of nucleic acids 
in the normal and neoplastic cell. The rationale be- 
hind such studies may be partially summarized in 
the words of Spiegelman and Kamen (1): °°... it is 
supposed that genes control ultimately all cellular 
functions, including protein synthesis. From the 
close association of genes with nucleoproteins, it 1s 
natural to assume that nucleic acids may be in- 
volved in protein synthesis. Such an assumption 
‘an be supported by the fact that nucleic acids are 
always found associated with self-duplicating units 
(e.g., genes, viruses, plastids, transforming. prin- 
cipals of pneumococci and coli).”” Since, from a 
genetic standpoint, cancer is a mutant strain of 
cells with one or more genes or systems excessively 
promoting (or failing to inhibit) growth, a logical 
point for chemotherapeutic attack might be the 
metabolic system utilizing the constituents of 
which the normal and cancer chromosomes are 
largely composed, e.g., nucleic acids and histones. 
If there is reason to believe that the. nucleic acid 
metabolism (and in turn purine-tr pyrimidine 
metabolism) of the normal and the mutant cancer 
cell differ in certain respects, then a search for 
compounds which might inhibit that part of the 
system peculiar to the cancer cell is a worth-while 
endeavor. 

The recent reports of the anti-leukemic activ- 
itv of 2,6-diaminopurine, an antagonist of pteroyl- 
glutamic acid and adenine in the metabolism of 
Lactobacillus casei (2), and the tumor-inhibiting 
activity of 3-amino-7-hydroxy-1H-v-triazolo § [d| 
pyrimidine, a powerful purine inhibitor (3), have 
emphasized the importance of searching for other 

* This work was supported by grants from the American 
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inhibitors in the nucleic acid metabolic system. 
Such findings as are mentioned above not only 
offer compounds worthy of testing against various 
types of human neoplasia but also aid in our under- 
standing of the differences in normal and neoplas- 
tic cells. 

Woolley (4) has reported that benzimidazole is 
antagonistic to amino-purines in certain micro- 
organisms and that its growth inhibition can be 
overcome by adenine or guanine. 

The present study involves the sereening of a 
number of pyrimidines, purines, benzimidazoles, 
and related compounds against a strain of mouse 
leukemia known to respond to aminopterin (4-am- 
inopteroylglutamic acid) and to 2,6-diamino- 
purine. 

KXPERIMENTAL 

The synthesis of the compounds involved in the 
present study will be described elsewhere. Com- 
pounds Nos. 88, 122, 124, and 82 were commercial 
samples. All others were prepared tn this laboratory. 

The procedure used for screening compounds 
for toxicity and anti-leukemie action has been de- 
scribed in an earlier report (5). In all experiments, 
‘candidate compounds have been injected intra- 
peritoneally at the maximum tolerated dose, every 
other day, for a total of 10 injections, starting on 
the second day after leukemic inoculation. Results 
are reported in terms of average survival times of 
groups of ten mice as compared to concurrently 
run untreated controls and aminopterin-treated 
controls. These data are summarized in Table | 
and are further compared in Figure 1. 


DISCUSSION 
It is interesting to note that 2,4,5,6-tetramino- 
pyrimidine, which contains the 2,4-diaminopyt! 
mido portion common to most anti-folic acid com- 
pounds, and which is the pyrimidine used in ti 
vitro synthesis of 4-amino-pteroylglutamic acid, 
showed no anti-leukemic activity. 
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We have confirmed the finding of the anti- active overa slightly greater dosage range than was 
leukemic activity of 2,6-diaminopurine in strain 2,6-diaminopurine. It appears that substitution at 
Ak 4 mouse leukemia reported by Burchenal, e¢ al. the 8-position of 2,6-diaminopurine lowers or ne- 
(2). However, in our limited experiments, this — gates the activity of this compound with regard to 
purine has nol been as active as 4-aminopleroyl- — anti-leukemic action. The 2,6-diemino-8-hydroxy- 
glutamic acid. This difference is probably due to and the 2,6-diamino-8-mercaptopurine, as well as 
our failure to use the most effective dose of 2,6-di- the 2,6-diamino-8-iodopurine, showed no signifi- 
aminopurine. The Sloan-Kettering group (2) stated — cant activity. 
that 4-amino-N!’-methylpteroylglutamie acid was The benzimidazoles, 5-nitrobenzotriazole, in- 


TABLE 1 


THE RESULTS OF ANTI-LEUKEMIC ASSAYS ON CERTAIN 
PYRIMIDINES, PURINES, BENZIMIDAZOLES, AND RELATED COMPOUNDS 


Maximum Average Per cent 
tolerated survival increase 
S.R.1. dose time in survival 90-day 
No. Compound Structure (mg/kg)* (days) time survival R.C.1.t 
108 -2,.4,5,6-Tetraminopyrimidine yw NH» 97 11.0 —12.7 0/10 —(). 24 
sulfite AY »H2903 
HoNSS NH 
116) -2,6-Dihydroxy-4,5-diamino- or 63 12.1 — 4.79 0/10 —0.09 
pyrimidine sulfate »H2S0,, 
he NH2 | 
+ 2 














117s. 2,5-Diamino-4,6-dihydroxy- of 7.8 11.9 — 6.3 0/10 —0.13 
pyrimidine sulfate oH2S0, 
haa i 
N 

















118 =. 2-Mereapto-4-amino-6 hy- 125 11.6 — $.7 1/10 —(0.17 
droxypyrimidine 
HS Ho 
— ' Hp 
1385 2,6-Diaminopurine sulfate \. 100 12.6 +29 .9 0/10 +0 .73 
H eH YA & 9 Ee 
ies Y 280, 125 12.9 +290 0/10 +0. 48 
ss 9 
] Nig fo 
149 =. 2,6-Diamino-8-hydroxy- ~~ 125 9.9 + 2.1 0/10 +0.05 
purine sulfate : Pm | Hy 
= a = 
- . “ 
150. 2,6-Diamino-8-mercapto- N2 125 8.9 — 8.2 0/9 —0.20 
purine sulfate iga SH | .H2S0,, 62.5 9.4 — 6.0 0/5 —0.10 
Hp n~ 
= 2 
™ - - 
152. .2,6-Diamino-8-iodopurine a _ 50 9.5 — 2] 0/10 —0.05 
sulfate H wv mek 25 9.5 — 5.0 0/10 —0.08 
be a 4 
88 Caffeine ’ > 62.5 10.5 —16.7 0/10 —0.31 
Hy 


* Maximum tolerated dose, an approximate value. 
Per cent increase in life span of group treated with a given compound 


t Relative chemotherapeutic index = ———— : gone mee ee : 
Per cent increase in life span of aminopterin-treated group 








t Impure sample. 


Nore: Animals surviving 90 days not included in calculations of survival time. 





TABLE 1—Continued 


Maximum Average Per cent 
tolerated survival increase 
S.R.I. dose time in survival 90-day 
No, Compound Structure (mg/kg)* (days) time survival R C.1.4 


ii 

122 Benzimidazole C1 > 250 11.8 + 7.3 0/10 +012 
H 

98 2-Chloromethylbenzimidazole Or an 44 1 .@ —11.8 1/10 —(), 23 
N 


H 
! 
154 5-Nitrobenzotriazole ON . 62.5 9.7 — $.0 0/10 —().05 
Y 
N 
124 Indole 125 10.3 — 4.6 0/10 —().09 
129 Benzoxazole Cw 3.9 9.3 — 4,1 0/10 —().10 
130 ~Benzothiazole Cw $1.38 10.9 + 0.9 1/10 +().02 
113. 2-Methyl-4-hydroxyquinazo- —: 250) 10.4 —18.1 1/10 —().36 


line 


. 


od 


82 2,3,5-Triphenyltetrazolium 
chloride 


11.3 ~— iS. 1/9 —(). 40 


. nS ioNH CONH 

114 4-Aminopteroylglutamic <o GACOOH (). 23 20 . 4 +65 .8 1/10 
acid (aminopterin) HQN a 19.1 +50.4 0/10 
OOH 17.5 +59.1 0/10 
16.1 +491 2/10 

13.7 +41.2 0/9 
19.1 +59 .2 0/10 
16.0 +60.0 0/10 


* Maximum tolerated dose, an approximate value. 





Per cent increase in life span of group treated with a given compound 


t Relative chemotherapeutic index = : —— seeeenene ——— 
Per cent increase in life span of aminopterin-treated group 





Note: Animals surviving 90 days not included in calculations of survival time. 
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dole, benzoxazole, benzothiazole, 2-methyl-4-hy- 
droxyquinazoline, and 2,3,5-triphenyltetrazolium 
chloride were all negative when assayed against 
transplanted Ak 4 leukemia in mice. 


SUMMARY 

A number of compounds of interest as possible 
purine or pyrimidine antagonists have been as- 
sayed for anti-leukemic action against transplant- 
ed lymphoid leukemia (Ak 4) in mice. 

The pyrimidines studied were uniformly in- 
active. 

Of the 2,6-diaminopurine derivatives assayed, 
only the parent compound definitely increased sur- 
vival time. Introduction of a hydroxy, mercapto, 
or iodo group at the 8-position of 2,6-diamino- 
purine apparently inactivates this anti-leukemic 
molecule. 

Benzimidazole, 2-chloromethylbenzimidazole, 
5-nitrobenzotriazole, indole, benzoxazole, benzo- 
thiazole, 2-methyl-4-hydroxyquinazoline, and 


COMPOUND 
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117 
118 
135 
149 
150 
152 
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98 
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124, 
130 
113 
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2,3,5-triphenyltetrazolium chloride were screened 
but showed no anti-leukemie activity. 


2. 


3. Kipper, G. W.; Dewey, V. 


REFERENCES 


. SPIEGELMAN, S., and Kamen, M. D. Cold Spring Harbor 


Symposia on Quantitative Biology, Vol. XII, Nucleic Acids 
and Nucleoproteins, pp. 211-23. Menasha, Wis: George 
Banta Publishing Co. 1947. 

BuRCHENAL,J.H.; Benpicu, A.; Brown, G. B.; Exion,G.B.; 
Hircuines, G. H.; Ruoaps, C. P.; and Stock, C. C. Pre- 
liminary Studies on the Effect of 2,6-Diaminopurine on 
Transplanted Mouse Leukemia. Cancer, 2: 119-20, 1949. 
C.; and Parks, R. E., Jr. 
Purine Metabolism in Tetrahymena and Its Relation to 
Malignant Cells in Mice. Science, 109: 511-14, 1949. 


. Woo.t.ey, D. W. Some Biological Effects Produced by Ben- 


zimidazole and Their Reversal by Purines. J. Biol. Chem., 
162: 225-32, 1944. 


. Skipper, H. E., and Bryan, C. E. Carbamates in the 


Chemotherapy of Leukemia. III]. The Relationship Be- 
tween Chemical Structure and Anti-leukemic Action of a 
Series of Urethan Derivatives. J. Nat. Cancer Inst., 9:391- 
97, 1949. 


AMINOPTERIN 








0.2 O.4 


0.6 


0.8 1.0 


Fic. 1.—Relative chemotherapeutic index of certain pyrimidines, purines, benzimidazoles, and related compounds with 


aminopterin (4-aminopteroylglutamic acid) as the standard of reference. 





















(7) Pyrimidine (Guanazolo) on 
Neoplasms in Experimental 
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In a systematic search for chemical agents 
which night act synergistically with the sulfona- 
mides in inhibiting bacterial growth, Roblin and 
his associates synthesized analogs of guanine, 
adenine, Xanthine, and hypoxanthine, in which a 
nitrogen replaced a carbon atom of the correspond- 
ing purine (4). Of the triazolopyrimidines studied 
by this group, 5-amino-7-hydroxy-1//-r-triazolo 
(¢@) pyrunidine, was found to be the most potent 
purine inbdbitor, using the growth of EF. colt and 8, 
aureus as indicators. Kidder, using this same 
guanine analog, demonstrated marked inhibition 
of the grewth of the animal microorganism 7'etra- 
hymena yalett (2). This latter observation, which 
Was a part of an exhaustive study made by Kidder 
and his associates on the growth requirements and 
metabohe pathways in Tetrahymena, constituted 
a preliminary to the exploration of the effect of 
5-amino-7-hydroxy-l//-r-triazolo (dd) pyrimidine 
(guanazolo, triazolopyrimidine) on cancer cells. 
Recently, Kidder’s group reported that guanazolo 
had an inhibitory effect on two mouse breast can- 
cers and a lymphoid leukemia in mice (3). Since 
the first three tumors studied had all been con- 
trolled effectively without significant toxicity to 
normal cells, Kidder concluded tentatively that a 
fundamental biochemical difference in’ purine 
metabolism existed between normal and neoplastic 
cells. He further suggested that the pathway of 
purine metabolism peculiar to the latter might be 
similar for all cancerous tissue, thus supporting 
Greenstein’s speculation that all malignant neo- 
plasms resemble each other more than normal 
cells do, and, therefore, an agent which could con- 
trol one type of cancer would probably control all 
others. 

* This work was supported by grants from the American 
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Itis the purpose of this report to present further 
evidence on the effect of the triazolopyriniudine on 
five transplantable mouse tumors, on the Brown- 
Pearce carcinoma tin rabbits, and on leukemia 941 
in AK mice. Tt will be shown that the compound 
has stmking carcinostatic activity against some of 
the tumors but no demonstrable effeet on others, 


MATERIAL AND METHODS 


The triazolopyrimidine was synthesized, with 
minor modifications, according to the method of 
Roblin ef al. (4). Phe purity was checked spectro- 
scopically, and a sample obtained from Dr. Kid- 
der, analyzed by this method, indicated that the 
two materials were identical. 

The mouse tumors were Sarcoma T80 in Paris 
RIT and C57 mice: 755 tumor in C57 mice; RC 
tumor in dba mice; Ko771 in C57 mice; leukemia 
No. 9417 in Ak mice: 6CSHED in C3H mice. The 
types of tumors designated by the above symbols 
are shown In ‘Table 7. The sohd tumors were trans- 
planted by the trocar method, placing the frag- 
ment in the axillary region on one side. The leu- 
kemia was transmitted by intraperitoneal injee- 
tion of a saline suspension of splenic tissue from a 
leukemic donor. The growth of the tumors was 
checked at frequent intervals by caliper measure- 
ments and recorded, but the objective evidence for 
the presence or absence of an effect of the triazolo- 
pyrimidine was based on the wet weights of the 
tumors determined to the nearest milligram. In the 
experiments with the transmissible leukemia and 
the transplantable lymphosarcoma (6C3HED), 
the objective end-point used for the evaluation of 
the therapeutic effect of the triazolopyrimidine 
was the survival of the treated animals, compared 
with that of the untreated controls. The Brown- 
Pearce carcinoma was transplanted bilaterally to 
the anterior chamber of the eye of rabbits. This 
proved to be a very convenient method of deter- 
mining the effect of the chemical agent on this tu- 














CGUELLEORN ef al, 


mor, nasmueh as the viabihty of the transphant 
could be easily recognized by direct observation, 
and the growth of the transplants was very un 
form, completely fillng the anterior chamber of 
untreated animals in 7? LO days. In these expert 
ments, Che growth of the transplant was recorded 
daily by direct caliper measurements, and, at the 
termination of the expernment, the rabbit was sac- 
rificed and the tumor, together with the attached 
iris, Was removed and weighed to the nearest mill 
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was found that a soluble, stable sodium: salt of the 
trinzolopyrimidine could be prepared conveniently 
by the addition of ET part of O.1.N NaOll to 2 parts 
Of an aqueous suspension, Which was heated gently 
na water bath. By this means, a stoek solution 
containing 400 mg. per LOO milliliters was prepared 
with a final pH which ranged between 9 and 10. A 
stock solution of dilute NaOl of pi 9.5 was pre- 
pared and was injected into the control animals in 
volumes comparable to those of the administered 


TABLE 1 


EEEECTR OF CTH PREAZOLOPYREIMEDENE ON RHE 755 TUMOR EN C37 Mice 


INE TEA TION 


Or PHRHANY PDeomte coe 


Noo or arr PEA ZOLOPY IM 
BAY, ANI URANMPLAN LHiNt 
NO, (akour MALS VATION (Ma Ke) 
(Days) 
5 Control 28 
‘Treated a | SO once cliaily 
19 Control ) 
Treated d | 50 once daily 
24 Control TD 
Treated 10 | 50 once daily 
Treated 10 | 50 twice daily 
6 Control 14 
Treated +44 4 12.5 thrice daily 
YY Control 10 
Treated 10 8 50 twice daily 
$5 Control 10 y* 
Control 
(saline) 10 
Control 1 
(NaOH) 
Treated 0 1) 50 twice daily 
86 Control 10 wo* 
Control 10 
(saline) 
Control 10 
(NaOH) 
Treated 10 10 50 twice daily 
S6A Control 5 
Treated 5 10 50 twice daily X18 


50 once daily X 14 


. ‘ * 46 ‘ . . . . . ° 
Sacrificed to determine mean tumor weight at initiation of therapy. 


gram. ‘The duration of the experiments with the 
Brown-Pearce carcinoma was determined by the 
rate of growth of the tumor in the untreated con- 
trol animals; the observations were terminated 
when the tumor filled the anterior chambers of the 
control animals, because delay beyond this point 
was followed by rupture of the tumor through the 
cornea and hemorrhage which made accurate 
weighing of the tumor impossible. 

The mice and rabbits were given a stock diet of 
Rockland mouse and rat pellets, respectively. 
Water was allowed ad libitum. 

Because of the relative insolubility of the tri- 
azolopyrimidine in water, suspensions of it in iso- 
tonic saline or in 10 per cent gum acacia were tried 
in preliminary experiments. These resulted in a 
variation in both therapeutic and toxic effects. It 





Dina Av. won) 
PON M RAN STANDAMD wrian't 
STANDAND 
aot rer Maone DEN EA THON (aim,) 
Verne Whrant er eceren ob MBAN Bepein 
any (mMa,) tO») (Ma,) ning DIT 
(HAYM) 
T35 $07 ra In 2 20 2 
20 Hi 7 16 io 5 In 4 
S60 2h 8.5 17 3 Is. 4 
17 Sh $0) s In 5 19.8 
SO-+4 202 (7 i 4 20.0 
$6 17 ( 17 4 17.6 
is | 1.5 0.5 17.7 14.4 
2, 500 N65 258 16.7 20.4 
{) 1,600 725 14 i” | 19.5 
GAS 270 ait) 20% 24% 
Ss Gs sy | 20.4 20.9 
42 1 h 
280 11 50 Is 8 iv 5 
SO7 125 $4 17.8 Is 9 
( 8 jl 17 18.6 19 0 
52 $5 12 
507 $87 12 17.9 19 6 
S48 tll 137 is .0 19.8 
§ 111 114 $s 18.7 is 9 
6.584 1,470 735 19.2 25.0 
V7 SO O4+ 27 19.2 19.0 


triazolopyrimidine solution. In all of the experi- 
ments, the route of administration was intraperi- 
toneal. 
RESULTS 

755 tumor in C57 mice.—The results of expert- 
ments utilizing this tumor are summarized in 
Table 1. From the information included in this 
and all subsequent tables, it is possible to estimate 
with accuracy the actual protocols for the individ- 
ual experiments, even though the pertinent results 
are here summarized as averages; the standard de- 
viation has been calculated in each instance in or- 
der to describe the range and the distribution of 
the individual tumor weights based on the mean 
tumor weight. The standard deviation of the mean 
which is necessary for the determination of statis- 
tical significance between two means is derived 


from the standard deviation divided by the square 
root of the number of observations. 

There are several points to be emphasized: (a) 
As can be seen from the results, the triazolopyrim- 
idine has inhibited the growth of this tumor in 
every experiment, and mathematical analysis dem- 
onstrates that the difference between the mean tu- 
mor weights of the control and treated animals are 
statistically significantly different in each instance. 

(6) The inhibitory effect of the compound on 
this tumor is demonstrable, whether administra- 
tion is initiated shortly after transplantation, as in 
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line solution on tumor growth. For this reason, as 
is summarized in experiments 35 and 36, both sa- 
line and dilute NaOH were administered to groups 
of animals, and, as can be seen, there was no signif- 
icant difference among the tumor weights at the 
termination of the experiment. 

(e) In experiment 24, the effect of the compound 
on the 755 tumor was observed when it was given 
once and twice each day. It is of interest to note 
that twice-daily administration resulted in a sig- 
nificantly greater inhibition of tumor growth than 
was Observed following once-daily doses. 





Fic. 1.—Effect of triazolopyrimidine on established 755 
tumor in C57 mice. See Table 1, Exp. 36 A for complete proto- 
col. Photographs (§ actual size) taken of control and treated 


the first three experiments summarized, or after 
the tumor has become well established as shown in 
the last five experiments. 

(c) In experiments 35 and 36 one set of control 
animals was sacrificed to obtain an estimate of the 
tumor weights in all animals at the outset of ther- 
apy. As can be seen from the results of this experi- 
ment, there was little further growth of the tumors 
after the triazolopyrimidine was administered, as 
compared to that in the untreated animals. It 1s to 
be emphasized, however, that there was no regres- 
sion of the tumor. 

(d) Because of the pronounced effect of the tri- 
azolopyrimidine on the 755 tumor, it was con- 
sidered essential to rule out any effect of the alka- 








tumors 27 days after onset of therapy. Treatment was not 
started until 10 days after transplantation of the tumor. 


(f) In experiment 36 A, the triazolopyrimidine 
therapy was continued over a protracted time pe- 
riod, to determine whether or not the neoplasm 
would become refractory to the effects of the chem- 
ical agent. During the period of observation, there 
was no indication of “escape” of the tumor. Se- 
quential graphings of the tumor in the treated an- 
mals showed progressive but very slow growth, 
with no apparent alteration of the curve during the 
experiment. The striking difference in the weights 
of the tumors in control and in treated animals, 
shown in Table 1, is equally clearly seen in photo- 
graphs of the tumors reproduced in Figure 1. 

(g) The final two columns of Table 1, which ind!- 
cate the average body weight of the mice at the 

















beginning and end of the experiment, provide an 
over-all indication of the toxicity of the triazolo- 
pyrimidine at the doses employed. Although in 
two of the experiments there was some weight loss 
of the treated animals, in the remaining eight the 
treated animals maintained or gained body weight. 

There is one additional important experiment 
which was carried out with this tumor which does 
not lend itself to tabular summarization. In a 
series of ten animals, the triazolopyrimidine injec- 
tions were started 1 day following transplantation 


EFFECT OF THE TRIAZOLOPYRIMIDINE ON SARCOMA 180 IN PARIS RITT AND C57 MICE 


Exp. 
NO. GRouP 
4 Control 
Treated 
IS Control 
Treated 
Treated 
48 Control 
Treated 
EXP. 
NO, GROUP 
6 Control 
Treated 
HV) Control 
Treated 
9A Control 
Treated 
13 Control f 
Treated 
37 Control 
Treated 
Treated 


x . . . o . 
A saline suspension was used in this experiment. 
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untreated controls. No consistent cytological dif- 
ferences could be distinguished in the tumors from 


the control and experimental series. 
RC tumor in dba mice.- 


The results of the tri- 


azolopyrimidine therapy on this tumor are sum- 
marized in ‘Table 2. As it can be seen, the chemical 
agent significantly inhibited this tumor without 
evident toxicity to the host, as indicated by the 
absence of weight loss in the treated animals. The 
inhibitory effect was apparent when therapy was 
instituted, shortly after transplantation (Exps. 


TABLE 2 


EFFECT OF THE TRIAZOLOPYRIMIDINE ON THE RC TUMOR IN DBA MICE 


No. or 


ANIMALS 


23 
IS 
10 
10 
10 

9 
10 


No. Or 


ANIMALS 


13 

5 
20 
17 
10 
10 
10 
10 
10 
10 
10 


INITIATION 
OF THERAPY 
AFTER TRANS- 
PLANTATION 
(DAYS) 


INITIATION 


OF THERAPY 
AFTER TRANS- 
PLANTATION 


(DAYS) 


t C57 mice were used in this experiment. 


Dosk or 
TRIAZOLO- 
PYRIMIDINE 
(MG/KG.) 


50 once daily 


50 once daily 
50 twice daily 


50 twice daily 


Dunra- 

TION OF MEAN 
THERAPY TUMOR W 
(DAYS) (MG.) 
1,090 
16 318 
778 
1] 340 
1] 137 
1, 293 
7 709 


TABLE 3 


Dosk or 
TRIAZOLO- 

PYRIMIDINE 
(MG/KG) 


50 once daily* 


12.5 once daily 


25 once daily 


12.5 once daily 


50 once daily 
50 twice daily 


of the tumor and continued for 14 days. At this 
time, the very small tumors were removed under 
aseptic conditions and transplanted into untreated 
C57 recipients. Although the tumor growth in the 
treated mice had been inhibited exactly as in the 
experiments detailed in the table, in every in- 
stance following transplantation these tumors 


“took” and grew in the usual way. 


In all the experiments, the tumors from both 
control and treated animals were examined histo- 
logically. Areas of necrosis within some of the tu- 
mors of the treated series were not considered sig- 
nificant, inasmuch as spontaneous necrosis oc- 


curred with equal or even greater frequency in the 


Dura- MEAN STANDARD STANDARD 
TION OF TUMOR WT. DEVIATION DEVIATION 
THERAPY (MG.) (MG.) OF MEAN 
(DAYS) (MG.) 
1,470 610 169 
14 980 $58 136 
236 140 32 
10 261 82 20 
370 162 D1 
S 362 194 61 
335 182 44 
9 295 85 28 
179 88 29 
9 309 119 40 
9 394 138 +6 


STANDA 


RD 


DEVIATION 


(MG.) 


380 
131 
132 

95 

33 
430 
162 


STANDARD 


DEVIATION 


OF MEAN 


(MG.) 
79 
$2 
4-4 
$2 

Is 
152 
54 


AVERAGE BODY 
WEIGHT (GM.) 


Begin- 

ning End 
16.9 19.7 
17.3 18.1] 
18.0 20.3 
17.8 18.4 
16.4 16.5 
13.8 15.2 
14.6 14.9 


AVERAGE BODY 


WEIGHT (GM.) 

Begin- 

ning End 
16.4 19.0 
21.8 19.4 
18.6 20.0 
19.9 17.0 
21.2 21.9 
22.0 25.0 
19.0 19.8 
19.4 19.5 
2S .7 23 .5 
24.1 23 .0 
24.0 22 0 


4, 28), as well as after the tumor had become well 
established (Exp. 48). It is also to be noted that 
twice-daily administration of the compound ac- 
centuated the tumor inhibition. Histological study 
of the tumors from treated and from control mice 
failed to reveal distinguishing morphological dif- 


ferences. 


Sarcoma 180 in Paris RIII and C57 mice.— 
Multiple observations on Sarcoma 180 were made, 
because this tumor is so frequently employed in 
screening experiments for potentially useful car- 
cinolytic chemotherapeutic agents. The results are 
summarized in Table 3. In no instance was sig- 
nificant inhibition of the tumor observed. A single 
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experiment was conducted utilizing C57 mice to 
make certain that the negative result’ could not 
be due to differences in the host; however, here, too, 
no tumor inhibition was noted. No significant 
morphological effects on the tumors from treated 
annals could be detected. 


tumor fragments were vascularized by vessels 
growing from the irts, and the viability of the frag. 
ments was unmistakable. In the untreated ani- 
mals, the growth of the fragments was uniform and 
rapid, with complete filling of the anterior cham- 
ber occurring In about 10 days after the trans. 


TABLE 4 


EFFECT OF THE TRIAZOLOPYRIMEDINE ON ANTERIOR CHAMBER ‘TRANSPLANTS 
OF BROWN-PEARCE CARCINOMA IN RABBITS 


INDTIA TION 


No. or OF THERAPY 
AN TERIOR AP TER 
CHAMBER rRANS Dost o1 
ruMOR PLANTA PREAZOLO- 
Exp, tRANS- VlON PYRIMIDINE 
NO, Gkour PLANTS (DAYS) (Ma KG) 
27 Control ) 
Treated 8 8 75 once daily 
33 Control S 3° 
Control 10 
Treated 10 3 75 once daily 
41 Control 8 
Treated (3 3 12.5 once daily 
‘Treated ( 3 25 once daily 
Treated (j $ 50 once daily 


Diuna- STANDARD AVERAGE BODY 

rlOoN OF Miran STANDARD DEVIATION WRIGHT (KG,) 
THERAPY TUMOR WR. | DEVIATION OF MEAN Beyin- 

(Days) (Ma.) (Ma.) (mMa.) ning End 

TS6 258 9] 2.71 2 60 

6 ISS 49 19 2 80 2.3] 

Sl 12 d 

d15 75 25 2 50 2 56 

( 06 0 7 3.2 2.55 2.17 

OL LOS O 2.74 2.72 

7 419 77 S+4 $05 2 4 

7 209 41 Is 2. 96 2.79 

7 156 22 10 2.77 2.27 


* Annmals sacrificed to determine mean tumor weight at initiation of therapy. 





Fig. 2.—The effect of the triazolopyrimidine on the mor- 
phology of the Brown-Pearce carcinoma. A is a photomicro- 
graph of the tumor from an untreated animal. B shows the 
histological characteristics of the tumor in a rabbit treated 


Brown-Pearce carcinoma in rabbits—The re- 
sults of the triazolopyrimidine therapy on trans- 
plants of the Brown-Pearce tumor in the anterior 
chamber of rabbits’ eyes are summarized in Table 
4. In all instances therapy was not started until 
3 days after transplantation. At this time, the 





for 7 days with the triazolopyrimidine. See the text for a dis- 
cussion of the differences. Magnification of both sections 
400X. 


plantation. The tabulated results indicate that 
significant tumor inhibition occurred at all dose 
levels tried, except 12.5 mg/kg/day. In expert 
ment 33, a number of animals were sacrificed on 
the day that administration of the triazolopyrin- 
idine was started, to have a quantitative est 
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mate of (he tumor weights at the outset of therapy. | when administered either shortly after transplan- 
As can be seen there was little further increase of | tation or after the neoplasm has become well es- 
the tumor weight after the onset of treatment with — tablished. There are two interesting points to be 
the triazolopyrimidine. noted in Experiment 45. Nine days after the trans- 

Morphological study of the tumors from treated — plantation of this carcinoma, the mean tumor 
and control animals uniformly revealed differences weight was approximately 250 mg. In the next 
which distinguished the sections. Figure 2 illus- 5 days, the tumor quadrupled in size in the un- 
trates the typical Instological appearance of tu- treated controls. This provides an indication of the 
mors from the two groups of animals. There are rapidity of growth of this tumor. [It is further of 
several features which are noteworthy: (a) The interest that, in spite of the high growth potential- 
number of cells in the section from a treated am- ities of the neoplasm, the trizaolopyrimidine 
mal are less than in the control this is not the showed significant inhibitory effects on the tumor, 


TABLE 5 


EFEFECT OF THE PRIAZOLOPYRIMEDINE ON ‘THE Ko771 TUMOR IN C57 MICE 


INERTIA TION 


OF THERAPY Dost or Dina STANDARD AVERAGE HODY 
ARTER TRANS PRIA ZOLO hlON OF M BAN STANDARD DEVIATION wean? (aM,) 
Exp. No. or PLANTA TION PYRIMIDINE PMERAPY rUMOR WT. DEVIATION OF MEAN Begin- 
NO, Grour ANIMALS (DAYS) (MG/KG) (DAYS) (ma.) (Ma.) (Ma. mbnnge Kind 
42 Control 10 1,129 $380 110 Is. 1 21.2 
Treated 10 l 50 once daily is S09 95 3 17.8 Is. 1 
‘Treated 10 50 twice daily Iss 9) +7 16 ISS 16.9 
45 Control ) y* 238 $1 29 
Control 10 1,002 $85 112 Is_8 21.1 
Treated 10 9 50 once daily o G20 159 os 8.3 19.7 
Treated 10 9 50 twice daily o 10S 152 ol 20.0 19.7 


* Animals sacrificed to determine mean tumor weight at tuitiation of therapy. 


TABLE 6 


EFFECT OF THE TRIAZOLOPYRIMIDINE ON LEUKEMIA 9417 IN AK MICE 
AND THE GCS8SHED TUMOR IN C38H MICE 


Mean 
Initiation survival 

of therapy Dose of after tumor Standard 

after trans- trinzolo- transplan- Standard deviation 

Exp. No. of plantation pyrimidine tation deviation of mean 
ho, Neoplasm Group animals (days) (ng/kg) (days) (lays) (days) 
8 9417 Control 12 12.8 1.54 0.46 
Treated 12 l 50 once daily 11.5 $25 2.48 

10 9417 Control 12 13.5 0.96 (). 29 
Treated 12 l 12.5 once daily 17.7 4.52 1.36 

14 9417 Control ) 18.1 1.56 0.55 
Treated 10 | 12.5 once daily 17.1 3.70 1.28 

$4 6CSHED Control 9 15.6 5.50 1.95 
Treated 10 l 50 once daily 15.2 4.00 1.26 


result of selection of a particular microscopic field even though treatment was given for only 5 days. 
but was apparent in all of the sections studied; (6) As was the case with the mouse tumors previ- 
the size of the cells in the treated tumor is dis- ously described, no significant morphological dif- 
linctly larger than those of the control tumor, and — ferences between the control and the treated neo- 
occasional giant cells are seen; (c) there is conden- — plasms could be detected. 
sation of the nuclear material in irregular clumps. Leukemia 9417 in Ak mice and 6C3HED tumor 
[t is impossible, at this time, to interpret the sig- | in C3H mice.—The results of the chemotherapy of 
nificance of the morphological changes associated these two tumors with the triazolopyrimidine are 
with the triazolopyrimidine therapy; they are be- | summarized in Table 6. The end-point for assessing 
Ing reported, however, as additional objective evi- — the activity of a chemical agent against these ex- 
dence of the effect of the compound on this tumor. — perimental neoplasms is the comparison of the sur- 
Kot? 1 tumor in C57 mice.—Table 5 summarizes — vival periods after transplantation between control 
the observations made on this tumor. It is evident, and treated mice. As can be seen from the table, 
from the results, that the triazolopyrimidine ex- _ the triazolopyrimidine failed to prolong significant- 
hibits carcinostatic activity against the tumor _ ly the survival of treated mice with either the leu- 
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kemia or the lymphosarcoma. However, before 
these results are accepted as unequivocally nega- 
tive, it must be emphasized that the number of 
animals studied is small. This was due to the diffi- 
culty of obtaining these mouse strains in quantity. 
For this reason, we wish to report these observa- 
tions as a preliminary result which suggests that 
the triazolopyrimidine will be ineffective in alter- 
ing the course of these two experimental neo- 
plasms. 
DISCUSSION 

Table 7 summarizes the over-all effect of the 
triazolopyrimidine on a variety of experimental 
neoplasms which have been observed by Kidder 
and his associates, Burchenal et al. (1), and this 
group. With the exception of a single discrepancy, it 
would be justifiable to conclude from these experi- 
ments that the triazolopyrimidine has an inhibi- 
tory action on experimental carcinomas but not on 





rca 


of carcinomas without significant toxicity to the 
host. The fact that this chemical agent has such 9 
favorable therapeutic index places the compound 
in an unique position among the drugs which have 
been studied in the field of experimental and clini- 
cal cancer chemotherapy. The evidence obtained 
from the experiments here reported lends strong 
support to Kidder’s demonstration of a biochemi- 
cal difference between the cells of a carcinoma and 
those of normal tissues. This stimulating fact kin- 
dles the hope that the triazolopyrimidine and its 
congeners may prove to be extremely useful tools 
for exploring the biology of neoplastic disease and 
thereby ultimately indicate chemical weapons 
which will specifically inhibit cancer in man. 


SUMMARY 


The action of the guanine analog, 5-amino-7- 
hydroxy-1H-v-triazolo (d) pyrimidine, on a variety 


TABLE 7 


SUMMARY OF EFFECT OF 


: TRIAZOLOPYRIMIDINE ON EXPERIMENTAL TUMORS 


Tumor Inhibitory effect of 
designation Type of tumor triazolopyrimidine Reference 

Eo771 Adenocarcinoma of breast positive Kidder (3) 
C3H spontaneous Adenocarcinoma of breast positive o 
Lymphoma 2 Lymphatic leukemia positive ” 
Leukemia Ak 4 Leukemia negative Burchenal (1) 
755 Adenocarcinoma of breast positive Present report 
RC Adenocarcinoma of breast positive . . 
{0771 Adenocarcinoma of breast positive . “ 
Sarcoma 180 Undifferentiated sarcoma negative " : 
9417 Leukemia negative “a 
6C3HED Lymphosarcoma negative ” “4 
Brown-Pearce Undifferentiated squamous- positive n 


cell carcinoma 


the sarcoma and the leukemias. An exception to 
this generalization is the lymphatic leukemia 
which Kidder reported to be inhibited by the 
chemical substance. Before his observation can be 
accepted as valid, however, it must be recognized 
that Kidder reached his conclusion on the basis of 
a comparison of the peripheral blood count and 
“palpable tumor masses” of control and treated 
mice. The experience of chemotherapy in experi- 
mental leukemias indicates that the most impor- 
tant criterion for evaluating the significance of a 
chemical compound is survival time—all other 
observations being secondary. 

It is also apparent from the results which have 
been reported in this paper that the chemical pat- 
tern of all neoplastic cells is not uniform, inasmuch 
as the triazolopyrimidine fails to inhibit signifi- 
cantly several tumors. 

In spite of the absence of a universal static ac- 
tion on all the tumors studied, it is of very real 
interest that triazolopyrimidine inhibits a variety 











of experimental tumors has been reported. Three 
transplantable adenocarcinomas of the breast in 
mice (755, RC, and Eo771) were effectively in- 
hibited by the chemical agent, whether therapy 
was instituted shortly after transplantation or 
after the tumor had become well established; ante- 
rior chamber transplants of an undifferentiated 
squamous-cell carcinoma (Brown-Pearce) in rab- 
bits’ eyes were similarly controlled by the triazolo- 
py rimidine. No demonstrable inhibitory effects of 
the chemical on an undifferentiated sarcoma (Sar- 
coma 180) could be detected, nor was there any 
apparent inhibition of an acute leukemia (9417) oF 
lymphosarcoma (6C3HED) in preliminary exper! 
ments, with the dosage employed. 

Using the changes in body weight during ther- 
apy as an over-all index of toxicity of the triazolo- 
pyrimidine, it was observed that the therapeutic 
activity of the drug against the tumors was nol 
associated with significant toxicity to the host. 

In spite of convincing evidence of tumor 1- 
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hibition, no regression of established neoplasms 
under therapy was observed, and the viability of 
inhibited cells was unimpaired, as indicated by 
their ability to reproduce normally on subsequent 
transplantation. With the exception of the Brown- 
Pearce carcinoma, no morphological changes in 
the tumors of treated animals could be detected. 

The results presented in this report fail to con- 
firm the hypothesis of a uniform chemical pattern 
in all neoplastic tissue. However, the evidence at 
hand suggests that the triazolopyrimidine dis- 
tinguishes a biochemical difference between nor- 
mal tissues and certain carcinomas. 
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The Effect of 8-Azaguanine on the Growth of Carcinoma, 


Sarcoma, Osteogenic Sarcoma, Lymphosarcoma 
and Melanoma in Animals” 


KANEMATSU SuaiuRA, Sc.D., Georce H. Hircuines, Pu.D. 
LiesBe F. Cavauiert, Pu.D., Ano C. CHestrer Stock, Pu.D. 


(From the Division of Experimental Chemotherapy and the Division of Protein Chemistry, the Sloan-Kettering 
Institute for Cancer Research, New York, N.¥., and The Wellcome Research Laboratories, Tuckahoe, N.Y.) 


In recent years, one of the promising approaches 
to cancer chemotherapy has been the concentra- 
tion of study on preparations believed likely to 
have anti-metabolite activity. Some of the com- 
pounds known to be anti-metabolites for micro- 
organisms or for higher species have also shown 
adverse effects upon tumor tissues, e.g., desoxy- 
pyridoxine (9), anti-folic acids (2, 3, 5, 6, 11), anti- 
riboflavin (10) and the anti-purines, 2,6-diamino- 
purine (1) and “guanazolo™! (8-azaguanine) (4). 

The observation that 8-azaguanine (5-amino-7- 
hydroxy-1H-vr-triazolo [d| pyrimidine) temporarily 
inhibited the development of mammary adeno- 
carcinoma EO 771 in C57 black mice, spontaneous 
breast-cancers' in C3H mice, and lymphoma 2 in 
strain A mice was considered evidence in favor 
of the uniformity of various cancer tissues with re- 
spect to this'aspect of purine metabolism (4); how- 
ever, the lack of inhibition of Sarcoma 180 by 8- 
azaguanine (7) is inconsistent with that concept. 
Such differences in the response of tumors to vari- 
ous chemotherapeutic agents may be welcomed, 
because of the increased opportunity offered to 
elucidate any peculiarities in tumor metabolism. 
The data reported below represent an attempt to 
confirm some of the observations of Kidder and 
his co-workers and to extend information on the 
spectrum of tumor inhibition by 8-azaguanine. 

EXPERIMENTAL 

In addition to adenocarcinoma EO 771 and spon- 
taneous Mammary cancer in C3H mice, the fol- 

* This work was supported from a grant by the Charles F. 
Kettering Foundation to the Wellcome Research Laboratories 
and by a grant to the Sloan-Kettering Institute from the 
American Cancer Society. 

1The compound will be designated in this paper as 8- 
azaguanine. The name guanazolo is objectionable for several 
reasons, especially because of its similarity to guanazole, a long- 
established name for tetrahydro-3,5-diimino-1,2,4-triazole, cf. 
Chemical Abstracts. 
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lowing tumors were used for this study: Crocker 
sarcoma 180, Lewis sarcoma T241, Harding-Pas- 
sey melanoma, Wagner osteogenic sarcoma, and 
Patterson lymphosarcoma? in mice: and Flexner- 
Jobling carcinoma, sarcoma R39, and Walker 
carcino-sarcoma 256 in rats. 

Subcutaneous implantations of tumors (small 
pieces of tumor, each measuring about 1.5 mm. 
cubed and weighing approximately 6 mg.) into 
healthy young animals (18—22-gm. mice: 100—-195- 
gm. rats) were carried out by the usual trocar 
method—usually a single implant into the right 
axillary region. In general, the first intraperitoneal 
injection of the compound was given 1-7 days 
after tumor transplantation, and injections were 
continued for 8-20 days. The animals were given 
food (Purina Laboratory Chow) and water ad 
libitum. 

In the present series of experiments, six sam- 
ples of 8-azaguanine*® were used. Sample B was a 
crude preparation. Sample C contained 60 per cent 
8-azaxanthine, and samples D, E, F, and J were 
from 95 to 99 per cent pure. 

Fresh suspensions of 8-azaguanine in 10 per 
cent gum acacia in saline were prepared once oF 
twice weekly and kept in a refrigerator until used. 

In every set of experiments, tumor-bearing anl- 
mals were divided into two groups, one to be treat- 
ed with 8-azaguanine and the other for controls. 
The progress of the tumors in the animals was Te- 
corded graphically by measuring them in two d- 
ameters with calipers every week. 


2 The Wagner osteogenic sarcoma and the Patterson lym- 
phosarcoma occurred spontaneously in the Sloan-Kettering 
colony of AK mice and will be described in detail later. 


3 In addition to samples from two of the authors, G. H. H. 
and L. F. C., we are greatly indebted to Dr. M. L. Crossley, of 
the Calco Division of the American Cyanamid Company, forthe 
samples of 8-azaguanine used in these experiments. We are IN- 
debted to Dr. Aaron Bendich for the determination of purity 
by means of counter-current distribution technic. 
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The cffect upon tumor growth was graded ac- 
cording to the following scheme: 

++ = Marked inhibition; failed to grow or 
grew to approximately ¢ the average diameter of 
the controls (observation at 1-3 weeks). 

+ = Moderate inhibition; tumors averaged 
from } to 4 the diameter of the controls. 

+ = Slight inhibition; the tumors grew to from 
1 to 2 the diameter of the controls. 
~ — = No effect; the tumors grew to 3 or more 
the diameter of the controls. 

Effect of 8-Azaguanine on mammary adenocar- 
C57 


cinoma EO 771.—The adenocarcinomas in 


S-Azaguanine and Tumor Growth 


179 


hibitory effect upon the development of tumors 
when treatment was begun 24 hours after tumor 
implantation, it had practically no effect on the 
development of tumors if treatment was delayed 
until 6 days after transplantation (‘Table 1, experi- 
ments 1 and 5). 

In two experiments, the influence of 8-aza- 
guanine was evaluated by weighing the tumors 14 
days after implantation. In the first group, ten ani- 
mals were injected with 50 mg/kg/day of sample 
E in two injections on 13 consecutive days, start- 
ing 1 day after tumor implantation. Ten animals 
of the second group were treated similarly on 8 


TABLE 1 


EFFECT OF 8-AZAGUANINE ON ADENOCARCINOMA EO 771 IN MICE* 


Sample of Amt. of Deaths 


Exp. 8-aza- 8-azaguanine No. of dayst from drug 
no, guanine mg/kg/day injected toxicity 
l KE 50 13 Q 

K 50 8 0 

2 B TO 12 2 
3 C 75 12 1 
D 75 12 Q 

Y 73d 12 3 

4 F 75 14 1 
5 KF 75 13 0 

F 75 8 0 

6 F 100 14 0 
7 F 125 20 2 
8 J 125 10 3 
9 J 125 10 5 

10 J 175 10 9 

11 J 200 9 5 


Results of 


treatment Remarks 


+--+ ‘Tumors in treated mice grew very slowly. 

— Treatment started 6 days after implanta- 
tion. 

Six tumors grew slowly; 2 grew rapidly. 

++ Five tumors grew very slowly; 4 grew slowly 
for 2 weeks. 

o One tumor grew slowly; others grew rapidly. 

++ Eight tumors grew very slowly; others grew 
slowly for 3 weeks. 

++ Eight tumors grew very slowly; others grew 
slowly for 2 weeks. 

+ Five tumors grew very slowly; others grew 
slowly. 

- , , 

— lreatment started 6 days after implanta- 
tion. 

+ All tumors grew slowly for 2 weeks. 

+-+ Tumors grew very slowly for 3 weeks. 

+-+ All tumors grew very slowly for 3 weeks. 

++ All tumors grew very slowly for 2 weeks. 

++ Tumors grew very slowly for 2 weeks. 

+--+ Tumors grew very slowly for 2 weeks. 


* Ten tumor-bearing mice in each expérimental group were matched with ten untreated controls. The tumors in the control group grew rapidly in every 


instance. 


t Injections were started 1 day after tumor implantation, except where noted in remarks, when they were started 6 days later. Animals in experiment 2,8, 


and 10 were injected once daily; all others were injected twice daily. 


black mice were treated with doses of 50-200 mg/ 
kg of 8-azaguanine in one or two intraperitoneal 
injections daily, for from 8 to 20 consecutive days. 
The injections were begun 1 or 6 days after trans- 
plantation of the tumor. The results obtained with 
adenocarcinoma E0 771 are shown in Table 1. 

It is clear that samples C, E, F, and J have a 
definite inhibitory effect on the growth of adeno- 
carcinoma E0 771. However, they have not caused 
complete destruction of the tumor. When the in- 
jections were stopped, the small tumors grew nor- 
mally and eventually caused the death of animals. 
Sample B showed a less inhibitory effect, and sam- 
ple D had no effect. Typical examples of results 
obtained with samples C, D, and E are shown 
graphically in Figure 1. 

Although 8-azaguanine showed a marked in- 


consecutive days, but daily injections of sample E 
were begun 6 days after implantation of the tumor 
tissues. Fourteen days after.tumor implantation, 
the tumors of the treated and untreated animals 
were removed, measured, and weighed. The results 
obtained in this experiment and in a similar ex- 
periment performed with sample F are shown in 
Table 2. During the experimental period of 14 
days, none of the animals died. In the seventh col- 
umn of the table, the average size of the tumors is 
given by 3 diameters. 

There is a striking difference in tumor size and 
weight between the two treated groups; in one 
group, treatment was started when the tumors 
were 1 day old and in the other when tumors were 
6 days old. It is clear that the development of 
6-day-old tumors was not noticeably affected by 
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the repeated injections of 8-azaguanine, for there tumors grew rapidly and at the end of 14 days 

was no significant difference in tumor weight be- after transplantation measured 5 cm.?. However, 

tween the treated and the control groups. the average diameter of over 200 tumors, measured 
These results do not completely support the at the end of 14 days, was 1.9 X 15 X 0.9 em., 

findings of Kidder and his co-workers (4). They re- with a calcu'ated volume of 1.3 em.?. 

ported a strong inhibitory effect upon the growth 









Effect of 8-Azaguanine on Adenocarcinoma EO 771i in Mice 
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Wig. 1.—Repeated intraperitoneal injections of Samples C 
and E, 75 mg/kg of 8-azaguanine, caused a definite inhibitory 
effect upon the growth of mammary adenocarcinoma EO 771 
in’ mice, but sample D had no effect (Table 1, Exp. 3). 


of 6-day-old adenocarcinoma EO 771 in C57 black 
mice by repeated subcutaneous or intraperitoneal 
injections of 0.5 mg. of “‘guanazolo” twice daily 
(50 mg/kg for a 20-gm. mouse). The average size 
of their control tumors on the 14th day after tu- 


Fic. 2.—Adenocarcinoma EO 771 after treatment with 
8-azaguanine (75 mg/kg for 12 days). Section shows small 
: islands of active tumor surrounded by gelatinous edema and 
mor inoculation was 5.7 em.*, while ““guanazolo’’- necrosis. 


TABLE 2 
SIZE AND WEIGHT OF 8-AZAGUANINE-TREATED 14-DAY-OLD ADENOCARCINOMA EO 771 


Age of 
tumors at Amt. 8-aza- No. of Average dimen. Average wgt. 
Exp. Ist inj. guanine days of tumors* of tumors* 
no. Sample (days) mg/kg/day injected (em.) (gm.) 
1 E 1 50 13 0.8X0.8X0.5 0.27 
E 6 50 8 1.5X1.3X0.8 1.28 
Controls 1.8X1.5X0.9 1.56 
g F 1 75 13 0.6X0.5X0.4 0.16 
_* 6 75 8 1.2X1.1X0.6 0.66 
Controls 1.2X1.1X0.7 0.67 
* Ten tumors were used in each determination. 
treated tumors on the same day had an average When the tumors were allowed to grow for only 


size of 0.5 cm.*, a ratio of approximately 11 to 1. 1 day before the injections were begun, inhibition 
It is interesting to note that the control tumors of tumor growth was apparent in almost all 1n- 
in Kidder’s experiments were much larger (5.7 stances. The tumors grew very slowly. At the end 
em.*) than ours (1.3 em.*).4 This difference is prob- ; 
lin. Oe Oh ill i tiles till tees ‘ This volume was calculated on the basis of the formula for 
» y Gue o une , erence In the amounts OF tumor an ellipsoid which was considered to approximate the shape of 
tissue injected. We found that some of our normal _ the tumors. 
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of an experimental period of 14 days, the average 
tumor size was 0.17 cm.’ in the case of animals 
treated with sample E, and 0.06 cm.? in the case 
of animals treated with sample F, while the con- 
trols were 1.3 em.%, and 0.48 cm.*, respectively, a 
ratio of 8 to 1. 

It is interesting to note that repeated intra- 
peritoneal injections of 8-azaguanine into C57 
black mice bearing adenocarcinoma K0 771 pro- 
duced extensive gelatinous edema in the sub- 
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sive congestion in the kidney. Reduction of lymph- 
oid tissue was noted in the lymph nodes. 

Kffect of 8-Azaguanine on spontaneous mammary 
cancer.—Our attempts to confirm Kidder’s find- 
ings of strong inhibition of spontaneous breast 
cancer in C3H mice with 8-azaguanine have been 
unsuccessful. The tumor-bearing animals were in- 
jected intraperitoneally with 50 mg/kg of sample 
KE, 75 mg/kg of sample F, or 200 mg/kg of sample 
J daily in two injections for 4-22 days. This study 


TABLE 3 


EFFECT ON VARIOUS MOUSE TUMORS 


No. OF AMT. OF DEATHS 
MICE 8-AZA- No. OF FROM 
xP. WITH GUANINE DAYS DRUG RESULTS OF 
NO, TUMOR* MG/KG/DAYT INJECTED TOXICITY TREATMENT REMARKS 
Sarcoma 180 
1,23 30 75 10-13 0 _ Rapid growth. 
4 10 100 12 Q + Slight inhibition 1 week only. 
5 10 125 12 1 + Slight inhibition 1 week only. 

6 10 175 8 4 + Growth slow Ist week; thereafter more rapid. 
7,8 20) C00 8-11 | - Growth slow Ist week; thereafter more rapid. 
Sarcoma T241 

9, 10 20 75 8—20 0 ~ Rapid growth. 
11 10 125 13 0 - Rapid growth. 
12 10 175 8 4 + Slight inhibition 1 week only. 
13 10 200 8 7 + Slight inhibition 1 week only. 
Harding-Passey melanoma 
14 10 75 22 0) — Same as controls; slow growth. 
15 10 125 14 6 + Slow growth, slightly less than controls. 
16 10 200 10 9 + Slow growth, slightly less than controls. 
Wagner-osteogenic sarcoma 
17,18 20 75 18—20 0 — to + Tumors grew like controls in one exp. and 
slightly slower in another. 
19 10 100 10 3 — Rapid growth. 
20 10 175 ~ 5 + Growth inhibited definitely for 2 weeks. 
20, 21,22 30 200 4-8 26 + Growth definitely inhibited; some animals 
died within 5 days. 
Patterson lymphosarcoma 
23 10 50 12 0 Rapid growth; no significant increase in sur- 
vival time. 
23, 24 20 75 12 () _ Rapid growth; no significant increase in sur- 
vival time. 
25, 26 20 100 7-8 12 —to+ Rapid growth; no increase to very slight in- 
crease in survival time. 
27 10 175 8 5 — Rapid growth; decrease in survival time. 
25, 26, 28 30 200 7-9 292 oo Definite inhibition of tumor growth; no ap- 


preciable increase in survival time. 


* In addition, an equal number of control animals were used in each experiment. 
+ The treatment was started 1 day after tumor implantation in every experiment except No. 14, in which treatment was delayed 4 days. 


cutaneous tissues and tissues of the thoracic and 
abdominal walls (observed at the end of 7 days). 
It was more pronounced on the right side, which 
received the tumor implantation and intra-peri- 
toneal injections of the compound. This condition 
was generally accompanied by extensive hemor- 
rhage. It also produced intraperitoneal hemorrhage 
and ascites. Histological examination of sections 
revealed small islands of active tumor surrounded 
by ge'atinous edema and necrosis (Fig. 2). Ex- 
treme congestion and fine granules in the cyto- 
plasm were observed in the liver. There was exten- 


included 25 C3H mice bearing 31 spontaneous 
mammary adenocarcinomas (Roscoe B. Jackson 
Memorial Laboratory) and 18 Swiss mice bearing 
26 spontaneous mammary adenocarcinomas 
(Rockland Farms) in the treatment group and an 
equal number of tumor-bearing controls. The tu- 
mors measured from 8 to 15 mm. in diameter. The 
average body weight of treated mice was 38 gm. 

The results of this experiment showed that daily 
doses of 50-75 mg/kg of 8-azaguanine—in two in- 
jections—had a slight inhibitory effect on the 
growth of spontaneous mammary cancers in mice, 
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while daily doses of 200 mg ke had a moderate in- 
hibitory effeets however, at this level, many treat. 
ed animals died. There was no complete destrue- 
tive action on the spontaneous tumors. 

Effect of S-Azaqguanine on Crocker mouse sar- 
coma TSO, Lewis mouse sarcoma T2451, Harding- 
Passey mouse melanoma, Wagner mouse osteogente 
sarcoma, and Patterson mouse lymphosarcoma 
S-azaguanine was tested against a number of other 
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Fie. 3.—No inhibitory effect on the growth of sarcoma 
TY41 in C57 black mice treated with 75 mg kg of S-azaguanine 
sample E) for 20 days (Table 3, Exp. 9) is shown. 


types of mouse tumors, following the routine pro- 
cedures already described. Sarcoma 180 and the 
melanoma were grown in albino mice of Rockland 
Farms strain: the osteogenic sarcoma and lympho- 
sarcoma Were grown in mice of AKm strain, while 
sarcoma T24l1 was grown in the same strain of 
C57 black mice in which it originated. The results 
obtained from these experiments are summarized 
in Table 3. 

It is clear that the repeated injections of 50-75 
mg kg of 8-azaguanine caused no inhibition of the 
growth of Sarcoma 180. Inhibition was observed 
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only at higher, toxic levels, in confirmation of the 
previous study in which no inhibition of Sarcoma 
ISO at tolerated doses (7) was found. The intra. 
peritoneal injections of S8-azaguanine into albino 
nice bearing Sarcoma 180 produced a gelatinous 
edema in the subcutaneous tissues and tissues of 
the thoracic and abdominal walls. However, the 
degree of the edema was much less than it was ip 
C57 black mice. The compound also produced 
ascites in albino mice. 

The results with sarcoma TP24L were also nega- 
tive at tolerated doses, regardless of the more ex- 
tensive gelatinous edema in the subcutaneous tis- 
sue around the tumor implants (Fig. 3). The slow- 
Iv growing melanoma and the rapidly growing 
osteogenic sarcoma were not inhibited at nontoxic 
doses of the compound. At tolerated doses, 8-aza- 
guanine neither inhibited the growth of the im- 
planted Patterson lymphosarcoma nor prolonged 
significantly the survival of the treated animals 
bevond the controls. The treated animals died 
with extensive metastases In the spleen, lymph 
nodes, liver, and mesentery. At toxic levels of 175 
and 200 mg kg of 8-azaguanine, there was a mod- 
erate inhibitory effect on the primary tumor but 
no complete destructive action. Many of the 
treated animals (200 mg kg) had no visible meta- 
stases at autopsy, but this may be because the ani- 
mals died relatively soon, before metastases could 
develop. 

Kffect of S-Azaqguanine on Flexner-Jobling rat 
carcinoma, rat sarcoma R389, and Walker rat car- 
cino-sarcoma = .256.—Qur studies) with various 
transplantable mouse tumors have shown that 
S-azaguanine adversely affects one type of tumor, 
but in other types of tumors it has no therapeutic 
value. 

In a search for more striking effects, the study 
was extended to transplantable rat tumors, name- 
lv. the Flexner-Jobling carcinoma, Sarcoma R39 
and Walker carcino-sarcoma 256. The grafts of 
these tumors grew well and reached a size of ap- 
proximately 3.0 X 1.5 X 1.0 em., 5.0 K 3.0 X 2.9 
em., and 4.5 X 2.5 X 1.0 em. (diameters in 3 di- 
mensions), respectively, at the end of 14 days 
after transplantation. 

As in the case of mouse tumors, daily intra- 
peritoneal injections of 75-200 mg, kg of 8-aza- 
guanine were begun 1—+ days after tumor implan- 
tation. In most instances, the compound was given 
in two injections daily, for 8-16 consecutive days. 
In this study, samples E, F, and J were used, be- 
cause they had a definite inhibitory effect on the 
growth of adenocarcinoma EO 771. 

From the results summarized in Table 4, it 1s 
clear that repeated intraperitoneal injections of 
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Seazacuanine at all the levels, 75, 100, 125, and 
900 mg kg, had no imbuibitory effeet upon the 
growth of Flexner-Jobling carcinoma, Sarcoma 
R39, or Walker careino-sarcoma 256 in rats. The 
progress of the tumor grafts in the treated animals 
was almost the same as that of the control tumors. 
Graphic illustrations of a number of more or less 
typical examples of the progress of tumor growth 
in treated and untreated animals show more clear- 
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DISCUSSION 

The experimental data for the various tumors 
are summarized in ‘Table 5. It is apparent that 
none of the rat tumors were inhibited with even the 
highest dose of 8-azaguanine. It can be seen, also, 
that mammary adenocarcinoma EO 771 is the only 
mouse tumor among those tested, imneluding the 
spontaneous tumors, that is inhibited by 8-aza- 
guanine at well-tolerated dose levels. The inhibi- 


TABLE 4 


EFFECT OF 8-AZAGUANINE ON FLEX NER-JOBLING CARCINOMA, SARCOMA R39 
AND WALKER CARCINO-SARCOMA 256 IN RATS 


No. of Age of Amt. No. of 
rats tumorsat  &8-Aza- days 
Exp. No. of with Ist inject guanine in- 
no, Sample tumor tumors (davs) mue/kye/day jected 
| Controls FRC* 10 
I ™ 10 t 75 16 
2 Control RRC 10 
Ki ” 10 | 100 15 
8 Control FRC 10 
J 10 | 200 1 
t Control R39 5 
I " 5 8 75 S 
5 ~=6© Control R39 5 
I ws 5 % 125 Ww 
6 Control R39 10 
J R389 10 1 200 12 
7 Control R39 10 
J R39 10 | 200 i+ 
§ Control W256 10 
Kk ™ 10 l qo 14 
9 Control W256 10 
kK ° 10 l 100 14 
10 Control W256 10 
J on 10 | 200 14 


Complete 


8-Aza- tumor Results 

yuanine regres- of 

toxicity sion treat- 

deaths (percent) = ment Remarks 


$0 ‘Three tumors regressed after growing 
for 2-3 weeks; others grew rapidly. 

‘Two tumors regressed after growing 
for 3 weeks; others grew rapidly. 

$0 Three tumors regressed after growing 
for 1-4 weeks; 1 grew slowly; 
others grew rapidly. 

Three tumors regressed after growing 
for 1-3 weeks; others grew rapidly. 

20 Three tumors regressed after growing 
for 2-4 weeks; others grew rapidly. 

One tumor regressed after growing 
for 3 weeks; others grew rapidly. 

0) Rapid growth. 


I 20) 


() 50 _ 


(0) 0 - Tumor growth somewhat slow for 2 
weeks; rapid growth thereafter. 
0 Rapid growth. 
i) 0 a Rapid growth. 
0) Two tumors grew slowly; others 
grew rapidly. 
6 0 a Four tumors grew rapidly. 


10 One tumor regressed after growing 
for 2 weeks; others grew rapidly. 
Two tumors regressed after growing 

for 1 week; one grew slowly; others 
grew rapidly. 
10 One tumor regressed after growing 
for 1 week; others grew rapidly. 


() 20 —_ 


0) 0) - Rapid growth. 
0 Rapid growth. 
0) 0 _ Rapid growth. 
0 Rapid growth. 
0) 0 _ One tumor grew slowly; others grew 
rapidly. 


*ERC designates Flexner-Jobling rat carcinoma; R39 designates rat Sarcoma R39; W256 designates Walker rat carcino-sarcoma 256. 


ly the lack of therapeutic value of 8-azaguanine in 
controlling these rat tumors (Fig. 4). 

Albino rats (Sherman stock) tolerated the com- 
pound better than did Rockland albino mice or 
C57 black mice. No deaths occurred at the levels of 
75 and 125 mg/kg of the compound. At the level 
of 200 mg/kg/day, 15 per cent of the rats died 
during the treatment. 

It is interesting to note that in the tumor-bear- 
Ing albino rats gelatinous edema or ascites was not 
observed. 


tion was observed when the treatment was started 
24 hours after tumor implantation. There was little 
or no effect when treatment was delayed 6 days. 
In the absence of details on tumor implantation 
and measurement (4), it is not possible to account 
for the difference between the present results and 
those reported by others. (4). 

An earlier study (7) revealed Sarcoma 180 as the 
first tumor found to be unaffected by adequate 
treatment with 8-azaguanine. The results of the 
present study indicate that Sarcoma 180, to the 


































IS-+ (Cancer 
extent revealed by the lack of effect from: S.aza- 
guanine, is not unique among tumors with respect 
to purine metabolism. The failure of S-azagua 
nine to inlubit three types of rat tumors and 
seven different mouse tumors would appear to em- 
phasize the statement that “it would be hazardous 
to assume that aif mahgnant cells, unlike the nor- 
mal, metabolize guanine, and therefore, will be- 
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Fic. 4.—Repeated intraperitoneal injections of S-azagua- 


nine (sample F), 75 mg kg for 14 consecutive days, caused no 
inhibitory effect upon the growth of Walker carcino-sarcoma 
256 in rats (Table 4, Exp. 8). 
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come tnhibited by guanazolo” Ob). OF considerable 
Interest is the difference in the response of Sap. 
coma TSO and mammary adenocarcinoma KO 77] 
to S-avzaguanine. Eb has been noted that these two 
tumors are also affected differently by folic acid 
wnatogs (8). While such findings would appear to 
magnify. the task of the cancer chemotherapist, 
they may facilitate studies on mechanisms of ae 
tion of pertinent compounds. ‘Thus, the fortunate 
response of EO 771 to S-azaguanine provides a use- 
ful tool for learning more about the purine metab- 
olism of certain abnormal cells, 

The role of color and species’ differences in the 
host were considered when mammary adenocar- 
cmoma EO 771 in C57 black mice was found to be 
Inhibited by S-azaguanine. Sarcoma L8O was tested 
In COT black mice, without inhibition from: doses 
of 75 LOO meg ke day of the compound. Tt is alse 
Clear that there was no effect on sarcoma ‘T4] 
tested in C37 black mice. The lack of inhibition of 
Sarcoma TSO and sarcoma TR4L in C57 black mice 
tlso suggests the lack of significant influence of the 
edema on the inhibition of adenocarcinoma EO 771. 
This is further indicated by the equal inhibition of 
bilateral implants of KO 771, regardless of the lo- 
calization of the subcutaneous edema on one side 
of the animals. 


SUMMARY 


1. S-azaguanine — (5-amino-7-hydroxy-1//-r-tn- 
azolo {d] pyrimidine) had a definite inhibitory ef- 
fect on the growth of mammary adenocarcinoma 
KO 771; however, it had no complete destructive 
action upon this tumor. 

2. The inhibition was most apparent when the 
compound was administered early in the develop- 
ment of the tumor. There was little or no effect on 
adenocarcinoma EO 771 if treatment was delayed 
until 6 days after transplantation. 

$. Spontaneous mammary cancers in C3H (Bar 
Harbor) and in Swiss mice (Rockland Farms) 
were apparently unaffected by repeated injections 
of S-azaguanine. 

4. The use of 8-azaguanine in the treatment of 


TABLE 5 


EFFECT OF 8-AZAGUANINE ON TUMORS IN ANIMALS* 


Movuske TUMORS 


AMT. OF Adeno- L H-P 
COMPOUND carcinoma Sarcoma Sarcoma Melano- 
MG KG ‘DAY EO 77 180 T241 ma 
OU _— = 
75 ++ _ _ - 
100 + —_ 
125 2 + - + 
175 > + -. 
200 +++ + + + 


RaT TUMORS 


W W 
Osteo- P F-J Carcino 
genic Ly mpho- Carci- Sarcoma sarcoma 
sarcoma sarcoma noma R39 256 


- + 
~ - - ~ - 


* — indicates no effect: + indicates slight inhibition; + indicates moderate inhibition; ++ indicates marked inhibiticn. 
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mice bearing Sarcoma TSO, sarcoma Pt, Tard. 
ing Passey melinoma, Wagner osteogenic sar: 
coma, or Patterson lymphosarcoma, and of rats 


hearing Flexner-Joblng carcinoma, Sarcoma RSD, 
or Walker careino-sarcoma 236, produced neither 
an inhibitory nora curative efeet upon these tue 


TOPS. 


5. Repeated intraperitoneal injections of 8-aza- 


guanine into CST black mice bearing adenocaret- 
noma KO 771 produced extensive gelatinous edema 
in the subcutaneous tissues and tissues of the tho 
racic and abdominal walls, and intraperitoneal! 
hemorrhage and ascites. These changes were less 
pronounced in albino mice and were absent in al- 


hino rats. 
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Roblin and associates (9) in 1945 svathesized 
the guanine analog. J-anuno-7-hydroxy-t/d-e- 
triazolo (@) pyridine which has been referred to 
by Ridder e@ al. (GO) in a subsequent study as guan- 
neolo. TE has been found that un bacteria (8) and in 
Tetrahymena gelett (7) competitive inhibition of 
growth results following the use of this substituted 
pyrimidine. Release or reversal of growth inhibi. 
tion was accomplished by guanine in both organ- 
ISIS, 


TABLE 1 


EFFECT ON BODY WEIGHT, ADRENAL WRIGHT, AND 
THYMUS WEIGHT IN CAF, Mick INJECTED 
WITH GQUANAZOLO* 


Adrenal Thay mus 

a Per cent chante weight? weight 

‘ buxdy weight per cent (per cent 

Dosage Cast am) (ramate mean bok bonds 

dah total wetghts) wenght) wenght) 

0 0 tll OS 0 SO 
(19 6 19 8) 

25 20) 3 OS4 0 S86 
(IS 2-17. 4) 

0 00 +10 O89 O S4 
(19 1-19 4) 

70 700 1.6 O48 0 26 
(IS.5-18 2) 

liz.5 Li25 +35.8 O41 0.18 


(170-180) 


* Paired adrenal weights. Adrenal and thymus weights measured on 
torsion balance 


Retardation of the growth of a transplantable 
mammary adenocarcinoma and of spontaneous 
mammary cancers in mice was reported, following 
injections of guanazolo suspended in distilled H.O. 
Data on the inhibitory effect of this compound on 
a transplantable acute lymphoid leukemia were 
not conclusive. Attempts at reversal of the guan- 
azolo inhibition in mice by the use of guanine were 
unsuccessful (35). 

Burchenal e¢ al. (1) reported no inhibitory effect 


* The technical assistance of Mr. Peter Boyle and Mr. J. H. 
Miller is gratefully acknowledged. 
Received for publication, December 2, 1949. 


Studies on the Effects of a Guanine Analog on Acute 


* Nonleukeaic CAF; females tyjected daily with guanazolo for 10 days. 
Control mice injected similarly with 0.01 s NaQH, Five mice in each group. 
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Lymphoid Leukemias of Mice’ 
LL. W. Law, Pub. 


(Prom the National Cancer Institute, National Institutes of Health, United States Publie Health Service, 
Bethesda, Maryland) 


of three trroles, inchiding guanazolo, on survival 
tune of mice bearing a transplantable lymphoid 
leukemia AKA although a purine derivative, 26 
diaminopurine, which has been found to be an 
antagonist of pterovighitamic acid and of adenine 
(4), caused a definite inerease in survival time of 
mice bearing the same transplantable leukemia 
(2). 

The etfeet of guanazolo! on two transplantable 
veute Ivmphoid leukemias ino mice, leukemia L 
1210 (strain dba) and Lymphoma 2 (strain A), and 
of a lwinphosarcoma, Lymphoma bt (strain A), has 
been investigated. Deseription of these lymphomas 
has been given previously (8). Guanazolo was 
given at the following dosage levels to leukemic 
mice: 12.5, 25, 37.5, 50, 75, and 112.5 age gin body 
weight. Phe compound in solution in 0.OLN NaOH 
was injected subcutaneously daily, the total num- 
ber of injections depending upon the type of leu 
kemia used and upon the condition of the animals, 
AQ per cent solution was used for the 12.5, %5, 
and 30 ug gm dosage levels, and a 0.1838 per cent 
solution (100 mg 75 ce) was used for the 37.5, 7, 
and 112.5 xe gm dosage levels. Fresh solutions 
were prepared each week. 

In a preliminary experiment we have observed 
the effects of different dosage levels of guanazolo 
in normal, nonleukemie CAF, mice (9 CX aA 
cross). No demonstrable effeet on body weight or 
on the blood picture (hemoglobin, total and differ- 
ential leukocyte counts) was observed after ten 
daily subcutaneous injections at dosage levels 25- 
112.5 ug gm body weight. At the higher dosage 
levels, 75 and 112.5 ug, definite adrenal hyper 
plasia and thymus involution were evident, how- 
ever (Table 1). 

Definite, regular, and reproducible increase i 
survival time was found in both acute lymphoid 
leukemias following administration of guanazolo 
at different dosage levels (Tables 2 and 3). A total 
of 156 dba mice in twelve different experiments 

‘Obtained through the courtesy of American Cyanamid 
Co., Lederle Laboratories Div., Pearl River, N.Y. 






















































TABLE ¢ 
EEFECR OF GUANAZOLOOON ACUTE LYMPHOLD LEUKEMIA EL batot 
Survival time Mean! 
Peper Number DDevmengre (pear apie) mean range Therenae in wl. change 
ment CC cvnnnprenna ined of miee f Daily Poteal (haya) aurvival Choe (wenn.) 
CGauianasolo 1 50 hoo m7 9 17) 42 per cent OF 
| ” s a4 Pat) to EC 17) ON per cent a. 
Controlss V1 pac oO) Los 
Guanastole (i ao 550 ms 7 (12 15) OT per cent LO 7 
Y ” s 7h N2h moc 16) 54 per cent os 
Controls 7 pi( 10) Ly @ 
Gauanasolo ) Wie 6 1,12 os ( Tb) Sper cent LO @ 
4 - ) 0 joo Iv 2( S 15) 1G per cent +1 @ 
Controls d i o6¢ TY) +2 ¥y 
Guanasolo 8 2) 225 moo 15) SO per cent I 
. S ALL 0 im OCtE I) bl per cent Ks 
tu ' s 70 O75 iso 4 ( 9 18) LS per cent EOS 
Controls ) ) 2@( 8 1¥) +2 
Guanine HCl ) STS 4.750 noc 8 11) LOD 
Guanasolo|) j v5 250 1b b(14b 15) 22 per cent LO 6 
4h Controls d bb S (LO 14) oe 
Guanagsolo ) 2) soo 14 O(C1O 17) 52 per cent LO 4 
5 Controls ) pe( 9 1) 1 8 
Gauanazsolo4 25 SOO 
Guanine HC] 8 STH b. 500 Woe P 11) 05 
Guanasolo S 25 150 lo OC 8 1) 25 per cent 2.0 
” s S70 22i5 oon 9 1S) S6 per cent 05 
6 Controls s 8O( 7 ) LQ? 4 
Gauanazolo4 25 150 
Guanine HCI 8 S75 2.250 oc ot) LO 4 
’ $75 225 
" Ss S75 2, 250 m t( 7 WW) 1 0 
Guanazolo 9 +0 150 Ht (TET) 24 per cent +1 0 
Controls i) 9 1( 8-1) OS 
Guanazolo4 50 SOO 
7 Gauanine HCl¢ S S75 Y 250 0) 4( 7 12) 1 4 
7 25 150 
S 875 2, 250 8.0( 7 9) 14 
. 25 150 
Ss S75 2,250 ) 1( 8-12) 10 
Guanazolo 10 50 600 12 6 (11-15) 29 per cent +0 2 
S . 10 75 765 12.6 (10-15) 29 per cent 0 2 
Controls§ 10 98( 9 11) 41) 4 
Guanazolo 12 12.5 1oOo 1O.0(€ 9 1D) I] per cent 4 
1) . is 112.5 900 11. 6( 8 14) 29 per cent 2.4 
Controls 8 90( 9.0) +() 2 
Guanazolo 10 50 1O0 10.5 (10-11) 21 per cent +11 
1. 9 75 600 11. O¢ 8-13) 27 per cent 1.4 
10 Controls 10 8$.7( 8-11) +1.7 
Guanazolo+ 50 100 
Guanine HCI¥ 10 $75 $000 9 4( 7-10) —1.9 
Guanazolo s 37 5 S00 11.7 (10-18) 29 per cent 0.0 
“ y** 50 250 11.1 ( 912) 22 per cent +05 
1] Controls 8 9.1 ( 8-10) -+-0.% 
Guanazolo+ 37.5 S00 
Guanine HCI/ 9 $75 $3,000 10.0 ( 9-11) —2.8 
Guanazolo 5 25 $00 13.8 (13-15) 50 per cent +0.9 
12 . 6 50 400 15.2 (11-16) 65 per cent +0.4 
1 5 75 525 15.4 (11-15) 67 per cent —0.3 
Controls$ 5 9.2( 8-12) +2.6 
) * Allinoculations of leukemic cells, except where noted, done intraperitoneally with leukemic cell brei. Approximately 800,000 cells inoculated in 0.1 ce. 
volume, 
T Strain dba mice, 15-20 gm. used throughout. Since a sex difference in response was not noted, sexes are combined. 
t Weights obtained 8 days after beginning of experiment. 
§ Controls injected with 0.01 n NaOH. 
| Inoculations of leukemic cells done subcutaneously. 
# Guanine HCI suspended in 5 per cent gum arabic in saline. In all other experiments guanine suspended in peanut oil. Controls in experiments 10 and 11 
received 5 per cent gum arabic in saline. 
** Guanazolo administered 96 hours after inoculation of leukemic cells. 
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$2.7 50.7 16.6 
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and 9! CAF, mice in five different experiments 
were used for studies on survival time. Table 4 
summarizes the resalts of the individual experi- 
ments and compares the effects obtained, using 
guanazolo, with the effeet of 4-amino-N!"-methyl! 
folic acid (amethopterin), the most effective of the 
folic acid antagonists in retarding leukemie growth 
in our experience. ‘The antifolie compound pro- 
duced a 180.8 per cent merease In survival time in 
dba mice inoculated with leukemia L 1210, com- 
pared wil ha $7.9 per cent increase with guanazolo. 
Guanazolo was as effective as 4-amino-N!°-methy!] 
folic acid in increasing survival time in CAF, mice 
inoculated with Lymphoma 2. 

Guanazolo was effective over a wider dosage 
range in dba mice bearing leukemia L 1210 than 
in strain A mice bearing Lymphoma 2. Increase in 
survival time was as great at the dosage level, 
25 ug gm body weight, as at the higher level, 75 
ug gm body weight, in strain dba mice with leu- 
kemia L 1210, whereas in strain A’ mice with 
Lymphoma 2 it is indicated that guanazolo be- 
comes increasingly effective with an increase in 
dosage. A definite toxicity was apparent in dba 
leukemic mice at dosage levels of 112.5 ug/gm 
body weight. Death of a small percentage of mice 
at this dosage level occurred before death of con- 
trol leukemic mice, although typical changes char- 
acteristic of the folic acid deficiency syndrome, 
viz., hypoplasia of bone marrow, edema of the in- 
testinal tract with associated desquamation, and 
diarrhea were not observed. Toxic symptoms were 
also apparent at this dosage level in normal, non- 
leukemic CAF, mice (Table 1). The discrepancy 
between these results and those of Kidder et al. 
(6), who stated that they observed no toxic effects 
of the guanazolo, may be explained by the differ- 
ence in dosage levels, since their material was used 
In suspension and ours in solution. 

Table 5 shows the effect on the blood picture in 
dba leukemic mice injected with guanazolo. Con- 
trol animals developed a florid leukemia with a 
severe leukocytosis, and 25 per cent blast forms 
were found in the peripheral blood. Although a 
moderately high leukocyte count was found in 
guanazolo-treated mice at the 8-day level, relative- 
ly few blast cells were present. The inhibitory ef- 
fect of the folic acid antagonist, 4-amino-N!°- 
methyl folic acid, on leukemic dba mice was found 
to be more pronounced 8 days after inoculation of 
leukemic cells, and the blood picture closely re- 
sembled that of the normal nonleukemic mouse. 

Definite arrest of the leukemic process was evi- 
dent in histologic sections of the spleen, liver, and 
lymph nodes. Moderate infiltration of leukemic 
cells into these organs was found, in contrast to 
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the extensive infiltration in) control mice. The 
marked reduction or complete absence of leukemic 
infiltration seen in leukemic mice given parenteral 
t-amino folic acid (8) was not found in any of the 
mice examined in this study. 

Marked reduction in the rate of growth of leu- 
kemiue cells of acute lymphoid leukemia L 1210 in- 
oculated subcutaneously was observed 8 days after 
inoculation (6 days after the beginning of paren- 
teral administration of 50 ug/gm guanazolo). At 
this time, the local mass of lymphoma. tissue 
weighed 566.2 mg. (five mice), while the mean 
weight of lymphoma tissue from guanazolo-treated 
mice was 213.4 mg. (five mice). It is pertinent to 
note that guanazolo at the same dosage level was 
effective in adrenalectomized mice. The mean 
weight of the subcutaneous lymphoma mass of 
adrenalectomized mice was 168.6 mg. (five mice). 

No evidence of necrotic changes have been ob- 
served in lymphoma tissue grown in the subeu- 
taneous regions or in leukemic cells infiltrating 
other organs. 

No effect on survival time of CAF; mice bearing 
a lymphosarcoma, Lymphoma 1, or on the rate of 
growth of lymphosarcoma tissue was noted follow- 
ing daily subcutaneous injections of guanazolo at 
the dosage level 50 ug/gm. The survival time for 
controls was 39.7 days and for guanazolo-injected 
mice (total dose 463 ug/gm body weight) was 32.: 
days (25 mice in each group). 

In an attempt to arrive at some understanding 
of the mode of action of guanazolo in the inhibi- 
tion of the growth of leukemic cells, release of in- 
hibition was sought by the use of guanine HCl. 
Subcutaneous injections of guanine HC] in suspen- 
sion in peanut oil or in 5 per cent gum arabic in 
saline were commenced 24 hours after inoculation 
of leukemic cells (24 hours prior to parenteral 
guanazolo treatment) and continued daily 4 hours 
before injection of the guanine analog. The dose 
used was 10-15 times by weight that of the analog 
(375 ug gm body weight given in 0.2 cc. daily). 
This was reported to be the ratio of metabolite to 
inhibitor required to release completely the inhibi- 
tion of guanazolo in Tetrahymena (7). 

It can be seen, by reference to the individual ex- 
periments in Table 2 or in the summary in Table 4, 
that, judged on survival time, a release of the anti- 
leukemic effect of guanazolo is obtained. The sur- 
vival time of dba mice bearing acute lymphoid 
leukemia L 1210 is essentially that of the untreat- 
ed leukemic controls (9.4 days compared with 9.1 
days). The gross and microscopic appearance of 
the leukemic process in these animals was similar 
to that seen in the leukemic control mice. Release 
of inhibition, as judged by the peripheral blood 
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picture, however, was only partial (see Table 5), 
although the leukocyte count was definitely higher, 
and the number of blast cells found approached 
that in the dba leukemic mouse. It should be noted 
that shght loss of weight was encountered in each 
experiment where metabolite and inhibitor both 
were given, probably because of the appearance of 
sterile abscesses in some of the mice at the site of 
inoculation of guanine HCI. In experiments now in 
progress, however, apparent release of inhibition is 
obtained without loss of weight, following oral ad- 
ministration of guanine HCl, and it is indicated 
that lower ratios of metabolite to inhibitor are ef- 
fective. 

Release of the anti-leukemic effect has not vet 
been accomplished by the use of pteroyltriglutamic 
acid or adenine sulfate. 

It would seem from the available data that a rel- 
ative deficiency of guanine ts established by paren- 
teral administration of the guanine analog, guana- 
zolo, and that leukemic cells require a more abun- 
dant supply of guanine than do normal cells of the 
lymphoid series. A parallel situation seems to occur 
in leukemic mice given the folic acid antagonists, 
4-amino folic acid and 4-amino-N'°-methyl folic 
acid, where the leukemic process may be controlled 
by an apparent slight deficiency of folic acid with- 
out seriously impairing the processes for normal 
cell life. The anti-leukemic effects of both of these 
folic acid antagonists have been blocked by folic 
acid or its derivatives (8, 3). 

In general, it has been found that similar anti- 
leukemic effects have been shown by the antifolic 
compounds and by 2,6 diaminopurine and the 
guanine analog guanazolo. Whether or not the 
same locus of action is characteristic of all will be 
revealed by more complete reversal and hema- 
tologic studies. 
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SUMMARY 
Ll. A definite, regular, and reproducible inhibi- 


tion of two transplantable acute lymphoid leu- 
kemias in mice resulted from parenteral adminis- 
tration of the guanine analog, guanazolo. 


2. No effect of this compound on a transplant- 


able lymphosarcoma was observed. 


3. Apparent release of inhibition by the use of 


guanine HCl is recorded. 
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The Effect of Adrenal Grafting on Transplanted 


Lymphatic Leukemia in Rats” 


James B. Murpuy, M.D., AND ERNEST STURM 


(From the Laboratories of The Rockefeller Institute for Medical Research, New York 21, N.Y.) 


It is a well established fact that the adrenal 
cortical hormone exerts a depressing influence on 
the lymphoid tissue. A previous report from this 
laboratory showed that removal of the adrenals 
renders a rat far more susceptible to a transplant- 
able lymphatic leukemia (1) and that treatment 
with the cortical hormone increases resistance to 
the disease (2). In the present investigation, the 
effect of auto- and homoplastic grafts of the adre- 
nals on the resistance of rats to leukemia has been 
determined. 

EXPERIMENTS 

The rats used for these experiments were from a 
subline of the Wistar Institute strain and were ap- 
proximately 8 weeks old. Inoculations were made 
about 2 weeks after the operative procedure. 

Group 1.—These experiments were designed to 
test the effect of autografting. The adrenals of 49 
rats were removed, cut in half, and the four halves 
relmplanted in the abdominal cavity. This proved 
to be ineffective in that 91.8 per cent of such ani- 
mals proved susceptible to transplanted leukemia, 
while the 30 controls gave 80 per cent positive re- 
sults. 

Group 2.—In this group of experiments 47 rats 
were adrenalectomized, and one adrenal was re- 
turned to the abdominal cavity, and the other 
grafted into the spleen. The 50 control rats gave 94 
per cent leukemia, while the grafted ones gave 
85.1 per cent, a difference not mathematically sig- 
nificant. 

Group 3.—The 241 rats used in this group of 
experiments were treated in the following way: 

A.—Seventeen rats were subjected to adrenal- 
ectomy and 2 weeks later inoculated intraperi- 
toneally with a suspension of leukemia cells. These 
rats proved susceptible in 100 per cent. 

B.—The adrenals were removed from 65 rats, 
each adrenal was cut in half, and the halves were 
reintroduced into the abdominal cavity, with the 

* This work was supported in part by a grant from the 
American Cancer Society on the recommendation of the Com- 
mittee on Growth of the National Research Council. 
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addition of two adrenals from another rat. Ten 
days to 2 weeks later these animals were inocu- 
lated with leukemia cells. Only 26.1 per cent 
proved susceptible. 

(’.—Two adrenals were halved and both inocu- 
lated into the abdomen of each of 73 intact rats. 
Ten days to 2 weeks later the animals were inocu- 
lated with leukemia. Of these, 57.5 per cent proved 
susceptible, as compared with an 82.5 per cent 
susceptibility among the 86 controls. 

Group 4.—These experiments were planned to 
show the effect of subcutaneous introduction of 
two additional adrenals into 34 intact rats, as com- 
pared with the susceptibility of 33 controls. The 
adrenal-grafted animals were rendered definitely 
more resistant, showing only 44.1 per cent sus- 
ceptibility, as compared with 87.8 per cent in the 
controls. This result indicated that adrenals graft- 
ed subcutaneously are just as effective as the intra- 
abdominal grafts tested in group 3. 

The results from the above experiments are 
brought together in Table 1. It will be seen from 
the first experiment that removal and reimplanta- 
tion of the adrenals in the abdominal cavity does 
not affect resistance. The results are not modified 
when one of the grafts is introduced into the spleen 
where active growth of the adrenal grafts has been 
noted. Simple adrenalectomy markedly reduced 
resistance—a finding which confirms an earlier ob- 
servation (1). The removal of the adrenals and the 
reimplantation in the abdomen with the addition 
of two adrenals from other rats resulted in very 
definite augmentation of resistance. While the in- 
troduction of two adrenals into the abdominal 
cavity of intact rats increased susceptibility to a 
significant degree, it was not increased to the ex- 
tent observed in the foregoing group. The addition- 
al adrenals implanted subcutaneously gave results 
comparable to those with the grafts in the ab- 
dominal cavity. | 





DISCUSSION 
The interpretation of the reported results is not 
entirely clear. Certainly, a definite increase of re- 
sistance to a transplanted lymphatic leukemia re- 
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sulted from the implantation of two extra adrenals, 
whether these were added to either an intact rat 
or one that had undergone adrenalectomy and 
autografting. Autografting alone, into either the 
abdominal cavity or the abdominal cavity and 
spleen, had little or no effeet; but autografting 
combined with homotransplantation had the most 
pronounced effect in inducing resistance of any of 
the procedures used. The figures were significantly 
different from those obtained from intact rats with 
adrenals grafted in the abdomen but not from in- 
tact rats with adrenals grafted subcutaneously. 
However, it is doubtful whether the greater effee- 
tiveness of combined auto- and homografting 
should be emphasized. In general, reduction in leu- 





Cancer Research 


grafts of adrenals in the abdominal wall take and 
grow to a fairly large size. Even small grafts ip 
adrenalectomized animals maintain life, and larger 
ones enable such animals to remain in good condi- 
tion indefinitely. Homoplastie grafts take, but they 
degenerate after a few months. More recently, 
Everett (8) found that autografts of adrenals are 
successful, but only about 25 per cent of the grafts 
among litter mates take, and homografts among 
nonlitter mates rarely succeed. While there was no 
information in our experiments on the relation of 
the rats to each other, it is judged that the stock is 
genetically fairly uniform, because it shows such a 
high susceptibility to transplants of a tumor aris- 
ing in the stock. In any case, there appeared to be 


TABLE 1 


EFFECT OF ADRENAL GRAFTING ON LYMPHATIC LEUKEMIA IN RATS 


No. of No. with Per cent Average days 
| rats leukemia leukemia survival 
Group fT: 
Adrenalectomized and autograft of glands returned to 49 15 91.8 9.3 
abdomen 
Intact controls $0 24 80.0 9.9 
Group 2: 
Adrenalectomized— autograft, one in abdomen and one 47 40 S51 8.7 
in spleen 
Intact controls 50) 4? 94.0 10.7 
Group 8: 
A. Adrenalectomized 1? , 100.0 78 
B. Adrenalectomized——one and two additional adrenals 65 17 26.1 10.3 
from another rat grafted in abdomen 
C. Intact rats—two adrenals grafted in abdomen 73 42 57.5 11.2 
LD. Intact controls S6 71 $2.5 9.7 
Group $: 
Intact rats—2 adrenals grafted subcutaneously S4 13 44.1 12.0 
Intact controls 33 29 87.8 8.7 


kemia incidence may be attributed to the presence 
of additional adrenal glands, presumably through 
increased hormonal control. This ts in line with our 
previous experiments with adrenal cortical ex- 
tracts and preparations of pituitary adrenotropic 
hormones. It is known that a degree of resistance 
to this transplanted leukemia may be induced by 
the injection of normal homologous living cells 
(3-5), but it is believed that the number of cells in 
the adrenal homografts is insufficient to induce 
this nonspecific type of resistance (6). In Judging 
the degree of effectiveness of the various proce- 
dures, it should be noted that not only quantita- 
tive hormonal relationships but also the phenom- 
ena of transplantation are involved. 

The idea suggests itself that different degrees of 
incompatibility among grafted adrenals and host, 
or other uncontrolled variables, may enter the 
picture. Jaffe (7) demonstrated that autoplastic 


a high rate of takes of the homoplastic grafts in our 
tests. The chief point of interest seems to be the in- 
crease in resistance to leukemia that accompanies 
an increase In adrenal tissue. 


SUMMARY 

Rats in which the adrenals were removed and 
reimplanted intraperitoneally, with two additional 
adrenals from another rat, showed a definite in- 
creased resistance (73.9 per cent) to a transplanted 
lymphatic leukemia over that of control animals 
(17.5 per cent). The removal and reimplantation of 
the adrenals, one in the abdominal cavity and one 
in the spleen, without the addition of homoplastic 
adrenals, failed to induce any significant increase 
in resistance. The introduction of two homoplastic 
adrenals into intact rats reduced susceptibility to 
inoculated leukemia to 57.5 per cent, as compared 
to 82.5 per cent for the controls; and in a second 
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experiinent to 44.1 per cent, as compared to 87.8 
in the controls. The simple removal of the adrenals 
resulted in-a LOO per cent susceptibility to leu- 
kemia, a finding which confirms an earlier observa- 


tion. 
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INTRODUCTION 

Livers of rats fed certain azo dves undergo a 
series of generalized histological and chemical 
changes culminating in malignant growth. Such 
livers provide favorable material for study of the 
mechanism of formation of cancer cells. 

Previous investigators have identified particu- 
lar structures in the liver cell that are concerned in 
the action of 4-dimet hvlaminoazobenzene (4-DAB) 
and its 3’-methvl derivative 3’-Me-4-DAB, a 
more active carcinogen. Loss of nucleicacid and pro- 
tein from the isolated large granules of the hepatic 
cell cytoplasm during feeding of these dyes has 
been reported (6, 18). Administration of azo dyes 
also gives rise to unusually large liver cell nuclei 
(12) and causes an Increase in the liver content of 
desoxyvpentosenucleic acid, a nuclear component 
(6, 9, 18, 18). The magnitude of these changes ap- 
pears related to the rapidity of the carcinogenic 
process (1S). 

During 4-DAB carcinogenesis, certain chemi- 
cal changes appear to parallel the precancerous his- 
tological changes (12, 14. 15), and similar correla- 
tions have been made by one group of workers (19) 
in studies with other carcinogenic azo dyes. The 
present study was concerned with the behavior of 
certain anatomical units of liver cells during the 
different stages of cancer induction by 3’-Me-4- 
DAB. Precancerous lesions were studied histo- 
logically, while nuclei and cytoplasmic granules 
were isolated for direct determination of several 
structural components—1.e., proteins and nucleic 
acids. Specific effects of the carcinogen’s action 
were singled out by comparison with pair-fed con- 
trol animals. At the same time, observations Were 
made on the relation between the sex and the nu- 
tritional status of the animals and the structure of 
their liver cells. 

* This investigation was pursued with the aid of a grant 
received from the United States Public Health Service. We 
acknowledge with thanks the technical assistance of Alberta 
Rhein and D. W. Kupke, of this laboratory. 

+ Fellow of the American Cancer Society. 

Received for publication. December 1, 1949. 


METHODS 


Adult albino rats of the Sprague-Dawley strain 
were maintained on a basal semi-synthetic ration, 
previously described (9), with or without the addi- 
tion of 0.06 per cent 3’-Me-4-DAB. The carcino- 
genic diet was fed ad libitum, and the average food 
intake was approximately 15 gm. per day. The 
controls were limited to the same intake as that 
given the azo-dve-fed rats. Female rats, after 4 and 
12 weeks on caremogenic and control diets, and 
males, after 3, 9, and 12 weeks on these diets, were 
deprived of food for 12 hours and sacrificed. 

Livers of three rats, azo-dye-fed or control, were 
obtained at the same time. Under ether anesthesia, 
livers were perfused with cold physiological saline 
solution. Small portions of the liver were taken for 
histological studies, and the remainder was frozen 
in physiological saline at —5° C. for 24-48 hours. 

Livers, after thawing, were homogenized in a 
sucrose medium by passing them once or twice 
through a Potter tissue grinder. Small strands of 
connective tissue which would not pass through 
the grinder were discarded. The resulting liver 
suspension was diluted with more of the sucrose 
medium, so that each ml. of homogenate contained 
0.1 gm. of fresh liver. 

The sucrose fractionating medium, modified 
from that employed by Price, Miller, and Miller 
(17) was of the following composition: 


Sucrose 0.88 M 
NaCl 0.14 M 
Phosphate buffer 

pH 7.2 0.01 M 


The nuclei were sedimented in a small angle- 
head centrifuge in a field approximately 500 X 9 
for 45 minutes. Fifteen ml. of the homogenate were 
centrifuged in a 50-ml. tube, the supernate de- 
canted, anda second 15-ml. sample layered over the 
sediment and centrifuged in the same way. -\fter 
the second supernate was decanted, the nuclei 
were shaken up in 10 ml. of the sucrose medium 
and resedimented. The combined supernates and 
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washings were made up to 50 mil. with sucrose 
mediuin, and four 10-ml. samples were pipetted 
into OU-ml. centrifuge tubes. These were centri- 
fuged for 15 minutes in an angle-head Servall su- 
percen( rifuge, in a field 20,000  g, to sediment 
the large granules or mitochondria (10). The large 
granules in each tube were shaken up in 5 mi. of 
sucrose medium and recentrifuged as before. 

The supernates and washings obtained after iso- 
lating the large granules were made up to 100 ml. 
with sucrose medium, and four 10-ml. samples 
were pipetted into 50-ml. centrifuge tubes. These 
were centrifuged for 4 hours in the Servall centri- 
fuge, ina field 20,000 X g. The sediment was com- 
posed of small granules or microsomes (2), and the 
remaining fluid was designated the supernatant 
fraction. The above procedures were carried out in 
rooms maintained below 5° C. Centrifugations 
were carried out ina room at —5° C. For sedimen- 
tation of small granules, the centrifuge was re- 
frigerated, so that the temperature within’ the 
tubes did not rise above 5° C. 

The procedure differed materially from = that 
employed by Price, Miller, and Miller (17), in that 
the livers were frozen and thawed before use and 
were suspended in a medium containing NaCl at 
“physiological” concentration. In a trial of the ef- 
fect of these factors, using normal rat liver, almost 
identical amounts of protein and nucleic acid were 
obtained in the large granule fraction, with or 
without freezing, and with or without use of sodi- 
um chloride in the sucrose medium. Microscopical- 
ly, the large granules prepared by the modified 
technic were not swollen and had the same ap- 
pearance as in tissue sections. They resembled 
those isolated from a nonionic sucrose medium by 
Hogeboom, Schneider, and Pallade (10). 

Nitrogen was determined by the micro-Kjel- 
dahl procedures of Chibnall, Rees, and Williams 
(1). Previous work had indicated that more than 
90 per cent of the total nitrogen of both precan- 
cerous and control livers is protein nitrogen (9). 
For nucleic acid determinations, protein was pre- 
cipitated with 10 per cent trichloroacetic acid in 
the cold room and washed four times with cold 
) per cent trichloroacetic acid. Multiple washings 
were found necessary to remove sucrose. Nucleic 
acids were then extracted by heating for 20 min- 
utes at 90°C. in 5 per cent trichloroacetic acid, 
and pentose and desoxypentose were determined 
by reactions with orcinol and diphenylamine, re- 
spectively, as employed by Schneider (21). For 
pentose, the color developed with the orcinol re- 
agent was read at 663 my in a Beckman or Cole- 
man spectrophotometer, and a correction for su- 
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crose applied after reading at 420 my. For desoxy- 
pentose, the color developed with the Dische re- 
agent was read at 594 muy. 

The analytical values, corresponding to protein 
components, were expressed on the basis of an 
amount of fresh liver contaiming 2.25 gm. of total 
nitrogen (i.e., 100 gm. of fresh liver, after corree- 
tion to nitrogen content of 2.25 per cent). This was 
desirable because of the variation encountered, in 
different experimental groups, in nitrogen content 





Fig. 1.—Mass of proliferating bile ducts from liver of male 
rat fed 3’-Me-DAB for 12 weeks. Hematoxylin and eosin. 
Xx 320. 


of the whole homogenates (1.6—2.3 per cent of the 
fresh liver weight), which were attributed to varia- 
tions in content of moisture and nonprotein solids. 


RESULTS 

In animals fed the carcinogen, nodular enlarge- 
ment of the liver appeared between 6 and 9 weeks. 
Hepatomas were identifiable in nearly all animals 
after 12 weeks on the carcinogenic diets. No defi- 
nite changes were noted either grossly or micro- 
scopically in livers of control animals during the 
feeding period. 

In livers of animals fed the carcinogen, the most 
prominent alteration was proliferation of bile duct 
epithelial cells, which formed tubular structures 
that invaded the liver parenchyma (Fig. 1). Paren- 
chymal cells also showed hyperplasia and eventual 
swelling and hypertrophy (Fig. 2). This process ob- 
literated the normal liver sinusoid pattern shown 
in Figure 3. The histological changes were similar 
to those caused by the less active carcinogen, 
4-DA.B, except for the more rapid proliferation of 
bile duct cells. Further studies, using special histo- 
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logical techmies, are in progress and will be re 
ported later. 


Nucler The desoxypentosenucleic acid con 
tent of the nuclear fraction prepared fron: livers of 
animals fod the earctnogen was consistently greater 
than that of controls, as shown tn Pable 1. 





Bia. 2. Parenchymal region of liver shown in Pig. 0. 
Hematorvin and eosin, \SY0 





Fig. 3. Liver of male rat fed basal diet 4 weeks, showing 
hepatie cell chords and sinusoids. Hematoxylin and eosin. X 320. 


Histologically, in animals fed the carcinogen, 
the increased desoxypentosenucleic acid content 
could be correlated with increased numbers of nu- 


‘We are indebted to Dr. Howard Richardson of the De- 
partment of Pathology, University of Oregon Medical School, 
Portland, Oregon, under whose supervision much of this histo- 
logical work was done. We also wish to thank Dr. Hadley Kirk- 
man of the Department of Anatomy of Stanford University, 
for examining some of our slides. 


cler nea given volume of tissue. However, in later 
stages, after Mor 1 weeks of feeding the carcino. 
wen, nuelear density. was actually deereased in 
large areas, as Compared to that of control livers 
(Big. 2), 

Nueler contained: all the desoxypentosenucleie 
vend in liversof animals fed thecareinogen, as well as 
mncontrols, Cy toplasmie fractions did not give a true 
reading for desoxvpentose, although their nucleic 
acid extracts, after mixing with Dische'’s diphenyl: 
Ane Peagent, gave a pale green color, with an abs 
sorption speetraum: licking the characteristic mani 
munein the newhborhood of 694 ni. Phis reaction, 
unlike threat with desoxyvpentosenuclere nerd, took 
place rapidly at room: temperature and was not 
obtamed with fresh preparations of the diphenyl: 
amine reagent, 

Higher values were found for desoxypentose- 
nucleie acid and for total nttrogen tn the nuclear 
TABLE 1 
DESONY PEN PROSENECELETO ACTD AND NEPROGEN OF 
NECEELOR CARCENOGEN-BPED AND CONTROL RATS 

Values in nulligrams of total nitrogen or of desoxvpentose 
nuclere acid, for an amount of fresh liver containing 2.23 em, 
of mitrogen before fractionation, | 


Deseo VEEN DOE 


Time on Nbebrbe AeHD Ni brouen 

dhiets, Careimeo Pairfed Carecine Pair fed 

SEX Weeks wen fed controls ven fed controls 
Female 79 472 THD bin 
1 66 bOG Ol ond 
Male 8 277 YY 
0 HO+ 24 HH 210 
1 BYY Z48 bh 251 


fraction of females than in that of males. In male 
rats fed the carcinogen, the nitrogen content of the 
nuclear fraction was increased, as compared to 
that of controls, but this effect was not seen in fe- 
mates, 

Microscopic examination revealed that the nu- 
clear fractions were composed of intact nuclei like 
those seen in tissue sections. However, tie prepara 
tion was contaminated with a few intact cells and 
with slender strands of debris attached to the nu- 
clei. This evtoplasmic contamination appeared to 
have less relative significance in the values for nu- 
clear nitrogen than in those for the pentose nuclere 
acid of this fraction, which varied from 5 to 20 mg, 
expressed as pentose, per 100 grams of liver. Little 
significance could be attached to these values, 
especially in view of the difficulty of estimating 
pentosenucleic acid accurately by a pentose deter 
mination in the presence of relatively large 
amounts of desoxypentosenucleic acid. 

Cytoplasmic fractions.—The large-granule frac- 
tion contained practically all the rod-like struc 
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tures CCrartochondra) demonstrable in liver eel 
eytoplasca in sections shined with ion heme 
toxylin, No tieroscopre structures could be found 
inthe stuall granules and supernatant fraetions 

Values for the nucleo acid and total nitrogen of 
these fractions are given tn Pable 2. When the 
earcinoren Wiis raltrinistered, i rectuetion Wiis 
noted in mast Cases tn the prover ened nucle werd 
of the lame wranule frietion 

Relative loss of nucle nerd Pyarnny stared preety 
ules, Caused by feeding the caremogen, was found 
only in females after & weeks, Varritions tn the 
small granule and: supernatant fractions of con 
trols were larger. in gener, Chan ditferences be 
tween comparable values for preeaneerous ane 


heifect ofa C'arcinogente leo Dye Gee Laver (‘ell Sflructive 
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Definite inereases in nuelear denaty lave not 
heen noted on histologiedt studies of the liver 
Changes caused by the less aetive carenmogens, 
DAR CS, TY, 
nnd Neacet Viaminofliuorene (3), Tlowever, Miasay 
wine ane Pokovame (i) were able to ehert rapid 


14 16), ocntiinousotoluene C20), 


THEPOEHSES Th Hesoxypentore nucle wend content of 
tral livers with & DAB. Thais interesting that these 
workers fed the less aetive caremogen im a rela 
Lively defierent chet and were able to prodiuee tn 
OPN TH approximately: Che same tine un whieh 
they were produced with the diet employed in the 
present study. Tntense mitotie stimulation tay be 
Hohecessary Hecommpininent of rapid earenopge nie 
re twon Iyy HAO Ves 


TARLE & 


DUS PTRERE TION OF NECEERTO ACTED AND NEPROGEN EN LIVER CREEL CY POPLASAE OF CARECTNOGEN- PED 


ND CONTROL 


RATS 


Values for pentose nuclei acid CRNA) expressed as tilligratis of pentose, for an amount of fresh liver Gappross 
mately LOO gin) containing 2025 pi of nitrogen before fractionation. Values foe nitrogen ON) ta mlligimitiin, for the 


sate quantity: af liver 


Si \ AND PENG GOON tet tm 


hee PHN Peimale Male 
bt weeks Ivy weeks ti weeks weeks 
RNA N RNA N mN A N INA \ 

Large granules 

Pree neerous lt Ss THe Lo 6 LOS W474 bid @¢ () bart 

Control Y4 % ane Bios Tin sh suo 4to8 Oo 
Sriall granules 

Prec neerous Ss 6 24 eee Ni 1b it f bb 

Control 20.9 207 In ¥ 7H boo 7 oo 1a) 
Supernatant 

Preeaneerous oo 3 rt wd 1, ao 1,080 ot 1,0 

Control 41.0 ey 10 8 1, to V4 MY 1,150 
Total of fractions 

Precanecerous no 1,780) 145 1.650 1, ooo eh 4 1,000 

Control 117 roo bot 1. ono 1. O50 Pile! 1,080 
Whole liver minus nucle 

Preceaneerous io 1.790 145 1,724 17s 12] 1,45 

Control 112 1,790 AD 1.715 1 58 124 2,040 


control tissue. Phe nitrogen content of the small 
granules of females appeared reduced by prolonged 
Maintenance on the restricted diets. Values for ni- 
trogen and nucleic acid of the supernatant frac- 
tion were relatively constant ine the different 
groups of animals. 
DISCUSSION 

The increased content of nucleic acid and nitro- 
gen in liver-cell nuclei of animals fed the carcino- 
gen may be explained either on the basis of in- 
creased numbers of nuclei in a given portion of 
liver or on the basis of increased content of these 
Materials in individual nuclei. The histological ob- 
servations were more consistent with the former 
explanation. The carcinogen evidently acted as a 
mitotic stimulant, resulting in increased nuclear 
density in the affected tissue. 





The finding of reduced nucleic acid and nitrogen 
content of the large-granule fraction, in animals 
fed the carcinogen, is in agreement with the report 
of Price, Miller, Miller, and Weber (18). This con- 
firmation was obtained, even though the technies 
employed in the two studies differed sufficiently to 
give resulls that disagreed in other respeets, with 
regard to the distribution of protein and nucleic 
acid in the cytoplasm. This is evident from the 
fact that these workers found more of each com- 
ponent in the large and small granules, and less of 
each component in the supernatant fraction, than 
were found in the present study. This comparison 
emphasizes the consistency with which cancer in- 
duction by azo dyes is associated with this disap- 
pearance of large-granule material. 

The analytical studies are paralleled by Opie’s 
histological observation (15) of loss of basophilic 
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material (pentosenucleic acid) from large granules 
in the cytoplasm of the liver cells of rats fed 
4-DAB. This author noted increased cytoplasmic 
basophilia in certain foci of livers in late stages of 
the precancerous process (15). It would be difficult 
to detect such localized phenomena by analyses of 
fractions of homogenates of whole liver. 

Results of analyses of isolated cell components 
also agree with previous histological studies in em- 
phasizing the importance of various physiological 
variables in determining the intracellular composi- 
tion of rat livers. Thus, the relative size of nuclei 
is affected by the age of the animals (12) as well as 
by their sex. The size, shape, and number of the 
large granules of the cytoplasm vary according to 
the length of a fasting period following a standard 
meal (7). 

The effect of carcinogens on the structure of 
liver cells must therefore be interpreted in rela- 
tion to such factors as sex hormones and the nutri- 
tional state of the cells. Such considerations may 
help explain many of the phenomena of azo dye 
carcinogenesis which have been deseribed. At 
present, it appears that a fundamental precancer- 
ous change is mitotic stimulation, accompanied by 
accumulation of desoxypentosenucleic acid (6, 9). 
Since this process Is associated with disorganiza- 
tion of the bihary and vascular systems of the liver, 
some cytoplasmic changes which have been noted 
during carcinogenesis may depend on interference 
with the blood supply of the parenchymal cells or 
with the drainage of bile from them. Therefore, the 
cytoplasmic fraction of the livers may be affected 
secondarily by mitotic stimulation. This concept 
would relate the precancerous liver changes, 
caused by feeding azo dyes, to the hyperplastic 
precancerous lesions found in other tissues, clin- 
ically (11), and in experimental animals (3, 4). 


SUMMARY 

1. The structure of liver cells was studied in 
male and female rats fed the carcinogen, 3’-Me-4- 
dimethylaminoazobenzene, and in pair-fed con- 
trols. Histological observations were correlated 
with results of analyses of isolated nuclei, large 
granules, small granules, and remaining cytoplasm. 
These fractions were prepared by a modified meth- 
od of differential centrifugation in solutions con- 
taining sucrose. Experience with the modified 
medium, containing NaCl, indicated that the suc- 
cess of the method of Hogeboom et al. in isolating 
“mitochondria” in their original form does not de- 
pend on use of a nonionic medium. 

2. In confirmation of previous reports, adminis- 
tration of the carcinogen caused increase of desoxy- 


pentosenucleic 
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acid and total nitrogen in the ny. 


clear fractions, and loss of nucleic acid and protein 
from the large granules of the cytoplasm. Ip- 
creased nuclear density, associated with precan- 
cerous proliferation in animals fed the carcinogen, 
contributed to increased content of the compo- 
nents of nuclei in the livers. 


3. Female rats had more nucleic acid and nitro- 


gen in the nuclear fraction than did males. Lrregu- 
lar changes were encountered in the composition of 
the cytoplasm in animals of different sexes in dif- 
ferent nutritional states. 


4. Changes affecting the nuclei of liver cells dur. 


Ing administration of carcinogenic azo dyes appear 


to be of fundamental importance, as in other types 
of precancerous lesions. 
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Group TRAVEL TO THE FirtH INTERNATIONAL CANCER CONGRESS 


Arrangements are being completed whereby a num- 
ber of physicians and investigators may travel together 
as a group to the Fifth International Cancer Congress 
to be held in Paris from July 17 to 22, 1950, through the 
co-operation of Youth Argosy, Inc. This is an educa- 
tional, nonprofit, membership organization whose pur- 
pose is to provide travel opportunities for worthy stu- 
dents of slender means, so that they may enjoy the 
benfits of foreign study and travel. After consultation 
with officials of this organization, travel to the Fifth In- 
ternational Cancer Congress meets the requirements. 

The transportation charge by air, via a chartered air- 
line with the Youth Argosy, Inc., will be $375.00 round 
trip. The flight will leave the United States on July 14 
or 15 and will arrive the following day in Luxemburg. 
Transportation may be obtained as a group from 
Luxemburg to Paris at the cost of approximately $3.10 
third class, $4.34 second class, or $6.62 first class. 

The flight will return from Luxemburg a few days 
after the completion of the International Radiological 
Congress, which is being held in London the following 
week. 

Wives can be accommodated in limited numbers, de- 
pending upon the number of physicians and investiga- 
tors going as a group. Overseas travel insurance will be 
provided at a group rate. 


Travel by ship may also be obtained, but at the pres- 


ent time arrangements may be completed only ona ship 
to sail from Quebec on July 1, to arrive in London on 
July 10. While the rates for ship travel ($328.00 round 
trip) will be somewhat less than those by air (accommo- 
dations will be dormitory style), taking into considera- 
tion tipping and transportation from New York to the 
embarkation point and from London to Paris and re- 
turn, the total costs by ship and by air will be approxi- 
mately the same. 

The approximate sailing date from Le Havre will be 
about August 14. 

To reserve space for this group, a $20.00 deposit 
should be sent to Dr. Brewster S. Miller, Assistant Di- 
rector, Professional Education Section, American Can- 
cer Society, Inc., 47 Beaver Street, New York 4, New 
York; this should be sent as soon as possible to insure 
the July 14 or 15 air travel dates. Checks or money 
orders should be made out to the Youth Argosy, Iné, 
As soon as the names of a group of 50 people going to the 
Congress are in his hands, confirmation of air departure 
dates may be obtained. 

One-half of the total transportation charge, less the 
amount of the above deposit already remitted, shall be 
due and payable on March 27. The remaining one-half 
of the transportation charge shall be due and payable 
on April 24. For reservations made after May 1, a de- 
layed-pavment fee of $10.00 will be charged. 
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